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Abstract 
 
Background: Participation in activities of choice is a human right of all children. Children 
with cerebral palsy (CP) participate in fewer leisure-time physical activities (PAs), less 
often than typically developing children. Children with CP are less likely to meet evidence-
based guidelines for habitual PA (HPA; daily energy expenditure and intensity). Australian 
guidelines recommend that children 5-12 years of age accumulate at least 60 min∙day-1 of 
moderate-vigorous PA (MVPA). Children with CP face many barriers to participating in 
PAs. Most of these barriers are environmental factors, for example, lack of accessible 
programs or lack of access to adaptive equipment. Despite this, the majority of existing 
interventions aiming to enable participation in PAs are directed at impairments or activity 
limitations. Participation-focused therapy is proposed as a means of enabling participation 
in children and youth with disabilities, however there is currently no high-quality evidence 
of the efficacy of participation-focused therapy to increase PA participation and HPA in 
children with CP. 
Aim: The aims of this doctoral program were to: (i) determine the efficacy of therapy and 
behaviour change interventions to increase participation in leisure time PAs in children 
aged 5-18 years with CP; (ii) describe the contents of those interventions according to how 
they act to change behaviour; (iii) design and propose a model of participation-focused 
therapy based on best available evidence aimed to enable participation in leisure-time PAs 
(ParticiPAte CP); (iv) test the efficacy of ParticiPAte CP to increase perceived performance 
of and satisfaction with leisure-time PA participation goals in children with CP compared to 
usual care; and (v) determine whether increased perceived performance of participation 
goals translated into increased objectively measured HPA. 
Methods: A systematic review of five databases and meta-analyses were performed. 
Intervention components were extracted and mapped against the Theoretical Domains 
Framework (TDF) to identify how they acted to change PA behaviour. This informed the 
development of ParticiPAte CP: an eight-week goal-directed, motivational, participation-
focused physiotherapy intervention to overcome individual barriers to PA participation. A 
randomized, waitlist-controlled trial was chosen to assess the efficacy of ParticiPAte CP in 
children with CP aged 8-12 years at Gross Motor Function Classification System (GMFCS) 
levels I-III. Participants were allocated to receive ParticiPate CP immediately (n=18) or 
waitlist usual care (n=19). Outcomes were assessed at baseline, eight weeks (immediately 
post-intervention), and 16 weeks (follow-up). The primary outcome was perceived 
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performance of and satisfaction with leisure-time PA participation goals on the Canadian 
Occupational Performance Measure (COPM). Secondary outcomes included objectively-
measured HPA performance (free-living tri-axial accelerometry), goal confidence (self-
efficacy), behavioural barriers to participation in PAs, health-related quality of life (QOL), 
and community participation frequency and involvement. 
Results: Eight studies of moderate-high quality were included in the systematic review. 
The majority of interventions used physical training as a primary modality with few to no 
components targeting other domains of behaviour (such as environmental context and 
resources, motivation etc.). The systematic review and meta-analyses found no clinically 
meaningful effect of interventions to increase PA participation nor HPA in children and 
youth with CP. Goal-directed interventions including behavioural and motivational 
components appeared to have the best potential to improve participation in PAs. 
ParticiPAte CP was proposed as the first randomized controlled trial of a participation-
focused intervention. Children who received ParticiPAte CP had significant, clinically 
meaningful improvements in PA goal performance on the COPM, and reduced barriers to 
participation compared with children receiving usual care at eight weeks. Children who 
received ParticiPAte CP remained confident that they would achieve their goals compared 
to waitlisted children who had reduced confidence at eight weeks. There were no between-
group differences on secondary outcomes of HPA (min∙day-1 MVPA or sedentary 
behaviour), health-related QOL or community participation. Analysis of a paired (pre-post) 
sample of all children with valid accelerometry data, however, revealed that children not 
yet meeting Australian HPA guidelines at baseline had an additional 6 min∙day-1 MVPA 
following ParticiPAte CP. This indicated a potential treatment effect in low active children. 
Conclusion: ParticiPAte CP was effective to increase self-perceived participation of 
ambulant children with CP aged 8-12 years in leisure-time PAs of their choice. Change in 
parent-reported barriers to participation and maintenance of child self-efficacy supported 
the underlying theory and mechanism of action (that the intervention worked by reducing 
barriers and supporting participant self-determination). This randomized trial increased the 
quality of the evidence-base supporting contextualised, individually-tailored participation-
focused therapies that primarily combat barriers to participation rather than aim to change 
a child’s physical capacity. Lack of between-group change in min∙day-1 MVPA suggests 
that either additional steps such as social and policy level changes are required to facilitate 
change in objective PA behaviour, patient selection should be optimized, or that current 
data reduction methods are inadequate to detect change in activity type (mode). 
iv 
 
Declaration by author 
 
This thesis is composed of my original work, and contains no material previously published 
or written by another person except where due reference has been made in the text. I 
have clearly stated the contribution by others to jointly-authored works that I have included 
in my thesis. 
 
I have clearly stated the contribution of others to my thesis as a whole, including statistical 
assistance, survey design, data analysis, significant technical procedures, professional 
editorial advice, financial support and any other original research work used or reported in 
my thesis. The content of my thesis is the result of work I have carried out since the 
commencement of my higher degree by research candidature and does not include a 
substantial part of work that has been submitted to qualify for the award of any other 
degree or diploma in any university or other tertiary institution. I have clearly stated which 
parts of my thesis, if any, have been submitted to qualify for another award. 
 
I acknowledge that an electronic copy of my thesis must be lodged with the University 
Library and, subject to the policy and procedures of The University of Queensland, the 
thesis be made available for research and study in accordance with the Copyright Act 
1968 unless a period of embargo has been approved by the Dean of the Graduate School.  
 
I acknowledge that copyright of all material contained in my thesis resides with the 
copyright holder(s) of that material. Where appropriate I have obtained copyright 
permission from the copyright holder to reproduce material in this thesis and have sought 
permission from co-authors for any jointly authored works included in the thesis. 
v 
 
Publications included in this thesis 
 
1. Reedman S, Boyd RN, Sakzewski L. The efficacy of interventions to increase 
physical activity participation of children with cerebral palsy: a systematic review 
and meta-analysis. Developmental Medicine & Child Neurology. 2017;59: 1011-8 – 
(incorporated as Chapter 2) 
2. Reedman SE, Boyd RN, Elliott C, Sakzewski L. ParticiPAte CP: a protocol of a 
randomised waitlist controlled trial of a motivational and behaviour change therapy 
intervention to increase physical activity through meaningful participation in children 
with cerebral palsy. BMJ Open. 2017;7 – (incorporated as Chapter 3) 
 
Submitted manuscripts included in this thesis 
 
1. Reedman SE, Boyd RN, Trost SG, Elliott C, Sakzewski L. A randomized waitlist 
controlled trial of a participation-focused therapy intervention to increase physical 
activity through meaningful participation in children with cerebral palsy. Archives of 
Physical Medicine and Rehabilitation. 2018; Under review. – (incorporated as 
Chapters 4 and 5) 
 
Other publications during candidature 
 
Peer-reviewed journal articles 
1. Beagley SB, Reedman SE, Sakzewski L, Boyd RN. Establishing Australian Norms 
for the Jebsen Taylor Test of Hand Function in Typically Developing Children Aged 
Five to 10 Years: A Pilot Study. Physical & Occupational Therapy In Pediatrics. 
2016;36: 88-109. 
2. Boyd RN, Davies PSW, Ziviani J, Trost S, Barber L, Ware R, Rose S, Whittingham 
K, Sakzewski L, Bell K, Carty C, Obst S, Benfer K, Reedman S et al. PREDICT-CP: 
study protocol of implementation of comprehensive surveillance to predict outcomes 
for school-aged children with cerebral palsy. BMJ Open. 2017;7. 
3. Reedman SE, Beagley S, Sakzewski L, Boyd RN. The Jebsen Taylor Test of Hand 
Function: A Pilot Test–Retest Reliability Study in Typically Developing Children. 
Physical & Occupational Therapy In Pediatrics. 2015;36: 292-304. 
vi 
 
4. Sakzewski L, Reedman S, Hoffmann T. Do we really know what they were testing? 
Incomplete reporting of interventions in randomised trials of upper limb therapies in 
unilateral cerebral palsy. Research in Developmental Disabilities. 2016;59: 417-27. 
 
Conference abstracts 
1. Reedman S, Sakzewski L, Boyd RN. Efﬁcacy of therapy and behaviour change 
interventions to increase participation in physical activities for children with cerebral 
palsy: a systematic review and meta-analysis [Abstracts of the 8th Biennial 
Conference of the Australasian Academy of Cerebral Palsy and Developmental 
Medicine, 30 March - 2 April 2016, Adelaide, Australia]. Developmental Medicine & 
Child Neurology. 2016;58: 6-58 
2. Reedman SE, Sakzewski L, Boyd RN. A systematic review and meta-analysis of 
the efficacy of therapy and behaviour change interventions to increase physical 
activity participation in children with cerebral palsy [Joint Meeting of: 28th Annual 
Meeting of the European Academy of Childhood Disability (EACD), 5th International 
Conference of Cerebral Palsy (ICPC) and 1st Meeting of the International Alliance 
of Academies of Childhood Disability (IAACD), 1–4 June 2016, Stockholm, 
Sweden]. Developmental Medicine & Child Neurology. 2016;58: 26-30 
3. Reedman S, Boyd R, Sakzewski L. Efficacy of a participation-focused therapy 
intervention on participation in physical activities, health-related quality of life, and 
behavioural barriers to participation in children with cerebral palsy [Abstracts of 71st 
Annual Meeting of the American Academy for Cerebral Palsy and Developmental 
Medicine (AACPDM), September 13–16, 2017, Montreal, Canada]. Developmental 
Medicine & Child Neurology. 2017;59: 20. 
4. Sakzewski L, Reedman SE, Elliott C, Willis C. Pears and pitfalls of participation-
focused interventions for children with physical disabilities. Instructional workshop. 
[71st Annual Meeting of the American Academy for Cerebral Palsy and 
Developmental Medicine (AACPDM), September 13–16, 2017, Montreal, Canada] 
5. Reedman S, Boyd RN, Sakzewski L. Efficacy of participation-focused therapy on 
performance of physical activity participation goals in children with cerebral palsy: a 
randomized controlled trial [Abstracts of the 9th Biennial Conference of the 
Australasian Academy of Cerebral Palsy and Developmental Medicine, 21-24 
March 2018, Auckland, New Zealand]. Developmental Medicine & Child Neurology. 
2018;60: 25-6. 
vii 
 
6. Reedman S, Trost S, Boyd RN, Sakzewski L. Efficacy of a participation-focused 
intervention on habitual physical activity in children with cerebral palsy: a 
randomized controlled trial [Abstracts of the 9th Biennial Conference of the 
Australasian Academy of Cerebral Palsy and Developmental Medicine, 21-24 
March 2018, Auckland, New Zealand]. Developmental Medicine & Child Neurology. 
2018;60: 25. 
 
Contributions by others to the thesis  
 
Supervision and readership team: 
Principal supervisor: Dr Leanne Sakzewski (70%) 
Associate supervisor: Professor Roslyn N Boyd (30%) 
Statistical advisor: Professor Robert Ware 
Readers: Professor Jenny Ziviani, Professor Stewart Trost, and Associate Professor 
Jennifer Paratz (Chair) 
 
Conception and design of the project: Dr Leanne Sakzewski and Professor Roslyn N 
Boyd contributed to the conception and design of the ParticiPAte CP study through 
intellectual and technical discussions related to their roles as academic supervisors. 
Professor Catherine Elliott provided subject-matter expertise that contributed to the 
development of the goal-setting part of the study protocol. Professor Jenny Ziviani 
contributed background knowledge in human motivation and behaviour that informed the 
intervention content. Professor Jenny Ziviani, Professor Stewart Trost, and Associate 
Professor Jennifer Paratz provided mentorship, editorial guidance and critical review of the 
thesis related to their roles as readers. This guidance resulted in minor changes to the 
experimental design and contributed positively to the overall quality of the thesis. 
 
Conduct of the project: Lars Eriksson (Herston Medical Library, The University of 
Queensland) contributed to forming the search strategy for the systematic review included 
in this thesis. Professor Robert Ware provided statistical support including the 
randomization sequence for the randomised controlled trial. Nicky Snape (Clinical 
Information Manager) and Laura Gascoigne-Pees (Administration Officer) compiled a list 
of eligible children and distributed the study flyer to potential participants listed on the 
clinical database of the Queensland Paediatric Rehabilitation Service (QPRS) at Lady 
viii 
 
Cilento Children’s Hospital (LCCH). Rachel Thomas and Carly Dickinson (QPRS 
Physiotherapists) identified potential participants through the QPRS outpatient clinical 
service and acted as ‘clinical champions’ for the study. Enna Salama (Clinical Research 
Coordinator) telephoned caregivers of potentially eligible children and recruited 
participants to the study from the research database of the Queensland Cerebral Palsy 
and Rehabilitation Centre (QCPRRC). Dr Leanne Sakzewski and Professor Catherine 
Elliott provided a second review of intervention goals for content validity. 
 
Analysis and interpretation of research data: Professor Stewart Trost provided 
technical assistance and subject-matter expertise on physical activity and accelerometry, 
including use of a customized Microsoft Excel macro to reduce accelerometry data and 
advice on interpretation of statistical results related to accelerometer-derived outcomes. Dr 
Leanne Sakzewski and Professor Roslyn N Boyd assisted in interpretation of results and 
provided editorial assistance on individual papers and the thesis as a whole. 
 
Statement of parts of the thesis submitted to qualify for the award of another degree 
 
No works submitted towards another degree have been included in this thesis. 
 
Research involving human or animal subjects  
 
The following ethical approvals were obtained to conduct research described in this thesis: 
 
Human Research Ethics Committee Approval Number Appendix 
Children’s Health Queensland Hospital 
and Health Service Human Research 
Ethics Committee 
HREC/15/QRCH/162 1 
The University of Queensland Medical 
Research Ethics Committee 
2015001609 2 
ix 
 
Acknowledgements 
 
A PhD is an enormous undertaking and a journey that is impossible to walk alone. I have 
been absolutely privileged with the support of several people and organisations during my 
PhD journey. I would like to offer my appreciation to all who have enabled my personal 
and intellectual growth, provided financial and practical support, and have enriched my life 
during this period. To my outstanding advisory team: I would like to thank you both for 
your mentorship and all that has entailed, including personal and professional guidance, 
the generousness of your time, networking opportunities, and strategic thinking for my 
future career. Leanne, you are an inspiration to me. I have been lucky to benefit from your 
exceptional work ethic, eye for detail, and wealth of knowledge across participation and 
translational research. I have appreciated your ability to acknowledge my level of 
understanding on a particular topic and then offer direction that challenges and expands 
my learning. Ros, you have leveraged your expertise and connections to help take my 
small ideas to big ones on the world stage. I commit to using your investment in me to 
improve the lives of people living with disability and to do so with the biggest impact. 
Thank you for your exceptional leadership and mentorship. 
 
To my friends, colleagues and family: thanks to you, I have not only been able to 
maintain my health and wellbeing, but actually improve it during the last three and a half 
years. You have been my companions and motivators for travel, cycling, baked goods, 
coffee breaks, concerts, and red wine. You comfort me, expand, and enrich my soul with 
warmth, wisdom, and fun. Special mention must go to Enna Salama for significant 
assistance with recruitment, Rob Ware for his statistical advice, and the therapists at 
Queensland Paediatric Rehabilitation Service for championing the study within your 
service. To the Queensland Department of Education, thank you for enabling me to 
continue my clinical skills development and for providing opportunities to engage in high 
level projects. To my parents: each year that passes, I become more in awe of you. Thank 
you for raising me with love and belief in my limitless potential. Thank you for showing 
great trust in me by enabling me to choose a path in life that has led to joy and fulfilment. 
 
Lastly, to the children and parents who participated in my study: thank you for 
generously giving your time to participate in this project. You ultimately made this happen 
and I am so grateful for the fun time we had together and your partnership in my research. 
x 
 
Financial support 
 
This research was supported by an Australian Government Research Training Program 
Scholarship, a project grant from the Cerebral Palsy Alliance Research Foundation (PG 
3915), and central funds from the Queensland Cerebral Palsy and Rehabilitation Research 
Centre (supported by the Merchant Charitable Foundation via the Children’s Hospital 
Foundation, Donation ID: 10415). 
 
Keywords 
 
cerebral palsy, participation, physical activity, child, motivation, behaviour change, 
intervention, randomized controlled trial, physiotherapy 
 
Australian and New Zealand Standard Research Classifications (ANZSRC) 
 
ANZSRC code: 110317, Physiotherapy, 70% 
ANZSRC code: 111403, Paediatrics, 30% 
 
Fields of Research (FoR) Classification 
 
FoR code: 1103, Clinical Sciences, 60% 
FoR code: 1114, Paediatrics and Reproductive Medicine, 20% 
FoR code: 1117, Public Health and Health Services, 20% 
xi 
 
Table of contents 
 
Abstract ................................................................................................................................ ii 
Declaration by author .......................................................................................................... iv 
Publications included in this thesis ...................................................................................... v 
Submitted manuscripts included in this thesis ..................................................................... v 
Other publications during candidature ................................................................................. v 
Contributions by others to the thesis .................................................................................. vii 
Statement of parts of the thesis submitted to qualify for the award of another degree ..... viii 
Research involving human or animal subjects .................................................................. viii 
Acknowledgements ............................................................................................................. ix 
Financial support ................................................................................................................. x 
Keywords ............................................................................................................................. x 
Australian and New Zealand Standard Research Classifications (ANZSRC) ...................... x 
Fields of Research (FoR) Classification ............................................................................... x 
Table of contents ................................................................................................................ xi 
List of figures & tables....................................................................................................... xiii 
List of abbreviations used in the thesis .............................................................................. xv 
Chapter 1. Introduction, thesis outline and aims ............................................................. 1 
1.1. Introduction ............................................................................................................. 1 
1.2. Thesis outline and objectives .................................................................................. 8 
1.3. Aims and hypotheses ............................................................................................. 9 
1.4. Format of thesis .................................................................................................... 10 
Chapter 2. Systematic review ....................................................................................... 16 
2.1. Introduction to Chapter 2 ...................................................................................... 16 
2.2. Paper 1: “The efficacy of interventions to increase physical activity participation of 
children with cerebral palsy: a systematic review and meta-analysis” ............................ 17 
2.3. Figures and tables ................................................................................................ 31 
2.4. Summary and conclusions .................................................................................... 44 
Chapter 3. Study design and methods ......................................................................... 51 
3.1. Introduction to Chapter 3 ...................................................................................... 51 
3.2. Paper 2: “ParticiPAte CP: a protocol of a randomized waitlist controlled trial of a 
motivational and behaviour change therapy intervention to increase physical activity 
through meaningful participation in children with cerebral palsy” ................................... 52 
xii 
 
3.3. Figures and tables ................................................................................................ 79 
3.4. Summary and conclusions .................................................................................... 82 
Chapter 4. Randomized controlled trial – participation in physical activities ................. 88 
4.1. Introduction to Chapter 4 ...................................................................................... 88 
4.2. Paper 3: “A randomized trial of participation-focused therapy to increase leisure-
time physical activity participation in children with cerebral palsy” ................................. 89 
4.3. Figures and tables .............................................................................................. 103 
4.4. Summary and conclusions .................................................................................. 113 
Chapter 5. Randomized controlled trial – habitual physical activity ............................ 117 
5.1. Introduction to Chapter 5 .................................................................................... 117 
5.2. Paper 4: “Effect of participation-focused therapy on habitual physical activity in 
children with cerebral palsy” ......................................................................................... 118 
5.3. Figures and tables .............................................................................................. 130 
5.4. Summary and conclusions .................................................................................. 133 
5.5. Systematic review update ................................................................................... 133 
Chapter 6. Discussion ................................................................................................ 140 
6.1. Introduction to Chapter 6 .................................................................................... 140 
6.2. Overview of findings ........................................................................................... 140 
6.3. General discussion and contextualisation of findings ......................................... 143 
6.4. Strengths, limitations and future directions ......................................................... 150 
6.5. Knowledge translation ........................................................................................ 160 
6.6. Conclusion .......................................................................................................... 162 
Appendices ...................................................................................................................... 168 
 
 
xiii 
 
List of figures & tables 
 
Figure Page Caption 
1a 1 World Health Organisation International Classification of Functioning, 
Disability and Health Framework, Child and Youth Version ICF-CY) 
1b 2 Family of participation-related constructs 
2a 31 Systematic review study selection flow diagram 
2b 32 Meta analysis: (i) Efficacy of Physical Activity Intervention vs Control 
on Frequency or Intensity of Participation in Physical Activities (ii) 
Efficacy of Physical Activity Intervention vs Control on Frequency of 
Intensity or Participation in Skill-based Activities (iii) Efficacy of 
Physical Activity Intervention vs Control on Number of Steps over a 
Period of Time 
2c 33 Funnel plot (risk of bias analysis) for Meta-analysis: Efficacy of 
Physical Activity Intervention vs Control on Number of Steps over a 
Period of Time. 
3a 79 ParticiPAte CP Study flow diagram (CONSORT flowchart) of 
intervention and outcome measures, protocol 
4a 103 ParticiPAte CP Study flow diagram (CONSORT flowchart) of 
intervention and outcome measures, patient reported outcomes 
5a 129 ParticiPAte CP Study flow diagram (CONSORT flowchart) of 
intervention and outcome measures, accelerometer data 
5b 134 Meta-analysis: Efficacy of Physical Activity Intervention vs Control on 
MVPA minutes over a period of time (with sub-group analysis) 
5c 135 Meta-analysis: Efficacy of Participation-focused Intervention vs Control 
on COPM Participation Performance 
 
Table Page Title 
IIa 34 Sample characteristics and experimental design of included studies 
IIb 35-37 Structure and content of intervention programs and control conditions 
IIc 38-40 Intervention components of included studies mapped to both the 
International Classification of Functioning, Disability and Health 
domains and the Theoretical Domains Framework according to 
supporting evidence 
xiv 
 
IId 41 Summary of results of studies reporting on participation outcomes 
IIe 42-43 Summary of Results of studies reporting on habitual physical activity 
outcomes 
IIIa 80-81 ParticiPAte CP intervention elements, aims and strategies, tabulated 
by intervention week 
IVa 104-
105 
Example of an intervention package with strategies matched to 
barriers for one COPM goal 
IVb 106-
107 
Personal and socio-demographic characteristics of study participants 
at baseline 
IVc 108-
109 
Usual care diary data from Baseline to 16 weeks 
IVd 110 COPM goal descriptive analyses 
IVe 111 Observed data and analyses by group and time point for primary 
outcomes 
IVf 112 Observed data by group for secondary predictor variables with 2-sided 
t-test for baseline differences 
Va 130 Participant characteristics at baseline 
Vb 131 Observed data and analyses by group and time point for habitual 
physical activity outcomes 
xv 
 
List of abbreviations used in the thesis 
 
Abbreviation Long form 
BCT Behaviour Change Taxonomy 
BHC Beitostolen Healthsports Centre 
BiGSS Belief in Goal Self-competence Scale 
BPPA-Q Barriers to Participation in Physical Activities Questionnaire 
CAPE Children’s Assessment of Participation and Enjoyment 
CAPL Canadian Assessment of Physical Literacy 
CFCS Communication Function Classification System 
COPM Canadian Occupational Performance Measure 
CP cerebral palsy 
CP QOL-Child Cerebral Palsy Quality of Life Questionnaire for Children 
EMD estimated mean difference 
FMS fundamental movement skills 
fPRC Family of Participation-related Constructs 
GMFCS Gross Motor Function Classification System 
HPA habitual physical activity 
ICF-CY International Classification of Functioning, Disability and Health Children 
and Youth Version 
IRSAD Index of Relative Socio-economic Advantage and Disadvantage 
LEM Local Environment Model 
LIFE-H Assessment of Life Habits 
MACS Manual Ability Classification System 
MARCA Multimedia Activity Recall for Children and Adolescents 
METs metabolic equivalents 
MI Motivational Interviewing 
MPAM-R Motives for Physical Activities Measure Revised 
MVPA moderate-vigorous physical activity 
NDIS National Disability Insurance Scheme 
PA(s) physical activity(ies) 
PACQ Physical Activity Climate Questionnaire 
PEM-CY Participation and Environment Measure – Children and Youth 
PISQ Problems in Schools Questionnaire 
xvi 
 
PLAY Physical Literacy Assessment for Youth 
PREP Pathways and Resources for Engagement and Participation 
QOL quality of life 
SDT Self-Determination Theory 
SEIFA Socio-economic Indexes for Areas 
SMD standardized mean difference 
TDF Theoretical Domains Framework 
TIDieR Template for Intervention Description and Replication 
1 
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Chapter 1. Introduction, thesis outline and aims 
 
1.1. Introduction 
1.1.1. Cerebral palsy 
Cerebral Palsy (CP) is an umbrella term for a group of disorders of the development of 
movement and posture, causing activity limitations, attributed to non-progressive 
disturbances to the developing brain in the perinatal period2. Brain lesions or 
malformations that affect the upper motor neurons cause primary impairments such as 
spastic paresis3. Disturbances to other brain structures such as the basal ganglia and/or 
cerebellum may cause different primary motor disorders including dystonia, 
choreoathetosis, ataxia and/or hypotonia2. Many people with CP also have primary 
impairments in sensation, cognition, perception, and may have related health conditions 
such as seizure disorders2. Secondary musculoskeletal impairments, such as muscle 
contracture can develop over time and contribute to activity limitations2, which are 
difficulties an individual has in executing activities (tasks or actions)4. In the widely 
accepted International Classification of Functioning, Disability and Health Children and 
Youth Version (ICF-CY), disability is conceptualised as interactions between health 
conditions such as CP and contextual factors (Environmental and Personal factors), 
through the domains of human functioning (Body Structures & Functions, Activity, and 
Participation)1 (Figure 1a). 
 
1.1.2. Participation in physical activities 
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Figure 1b Family of participation-related constructs, in Imms et al. Participation, both a 
means and an end: a conceptual analysis of processes and outcomes in childhood 
disability. Developmental Medicine & Child Neurology. 2018. Volume: 59, Issue: 1, Pages: 
16-25 
 
Participation in leisure activities of choice is a human right and a developmental necessity 
of all children5, is motivating6, and can facilitate a child’s inclusion and wellbeing in their 
family, friendship circles, and society at large7. Children of all ages with and without 
disabilities want to participate in a broad range of both active and sedentary activities. 
Participation in leisure-time physical activities (PAs) provides opportunities for children to 
develop motor skills, social skills, and to experience the health benefits of PA8. Barriers to 
participation for children and youth with CP are greater in number and some are 
qualitatively different to typically developing peers9-12.   
 
In the ICF-CY model, participation is defined as “involvement in a life situation”13. It has 
been suggested by several contemporary authors that this definition is conceptually 
unclear, especially considering the interactions and overlap of the term with other primary 
constructs within the ICF-CY14-19. Conceptual analysis suggests that participation refers to 
“performance at the societal level” and is associated with the fulfilment of social roles14. 
Activities undertaken to fulfil the same role may be different for each individual depending 
on their unique circumstances14. Participation is therefore defined as involvement in a life 
situation as part of the fulfilment of a social role14. 
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Participation is constituted of two distinct constructs (Figure 1b)20. Attendance refers to the 
concept of “being there” and can be measured in terms of frequency (how many times) or 
diversity (how many different types of activities are attended)20. Involvement is the 
subjective experience of participation, and includes concepts such as engagement, affect, 
motivation, social connection and persistence20. Children with CP participate in PAs less 
frequently11,21,22 and have reduced diversity of attendance23 compared to typically 
developing peers. The parents of school-age children with physical disabilities report that 
their children are less involved in structured and unstructured PAs than children without 
disabilities11. They also desire more change in their children’s frequency of attendance and 
involvement in PAs than parents of typically developing children11.  
 
A systematic review of determinants of leisure participation for children and youth with CP 
identified that with increasing age, participation in leisure activities decreases, and that 
girls tend to participate less in PAs compared to boys24. Children and youth with CP and 
physical disabilities also participate in more informal compared to formal PAs23,25. Despite 
differences in the level and type of participation, both children with disabilities and typically 
developing children identify similar themes in the meaning of leisure participation26. A 
qualitative study using a phenomenological approach to explore the lived experience of 
participation for school-aged children with disabilities identified “doing and being with 
others”, “having fun”, “feeling successful”, and “doing things by myself” as themes 
representing successful participation27. A cross-sectional study comparing leisure 
participation experiences of children with disabilities to typically developing children 
however, identified that on average, children with disabilities enjoyed PAs less than their 
peers without disabilities28. The reasons for reduced enjoyment for children with CP when 
participating in PAs have been explored qualitatively in interviews and focus groups. 
Children reported PAs as being “…fun, but…” having qualifiers such as fatigue, pain, 
realising or having to acknowledge physical limitations compared to others, feelings of 
incompetence, and missing out on opportunities29. 
 
1.1.3. Barriers and facilitators to participation in physical activities in children with CP 
Therapy goals for children with CP have typically been set with respect to their 
impairments or activity limitations (for example, walking distance, hand function etc.). 
Participation restrictions experienced by the child are however more salient to the child 
and their family and may be more appropriate as overarching goals for rehabilitation30. 
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Contemporary evidence suggests that many barriers to participation fall within the domain 
of contextual factors31 and will not be addressed when therapy is only directed at 
impairments or activity limitations32. Motivation has been identified as a particularly 
important barrier or facilitator to participation in PAs33. 
 
A longitudinal study in young children with CP found that motor activity capacity can 
predict participation in leisure-time PAs34. Children and youth with significant physical 
impairments and activity limitations can however still participate meaningfully in PAs of 
their choice35. An integrative review has been conducted that included 35 studies 
examining the relationship between motor functioning and leisure participation for children 
6 to 12 years old with a physical disability35. Findings suggested that sub-optimal motor 
functioning does impact frequency and diversity of participation in PAs however children 
preferred PAs over other types of activity irrespective of their level of motor functioning35. 
This suggests that in the presence of supports that allow participation in the activity of 
choice, the individual preferences of a child and other psychosocial aspects33 may 
determine the extent of participation.  
 
In a cross-sectional study using the Participation and Environment Measure – Children 
and Youth (PEM-CY), parents of children and youth with disabilities reported that the 
physical demands of an activity made community participation significantly more difficult11. 
External environmental factors (e.g. cultural norms, physical environment) and/or internal 
personal factors (e.g. lived experience, motivation)4 were also identified as barriers to 
participation, specifically physical access, peer relations, attitudes of others, adequacy of 
programs and services, and availability of equipment and supplies11. It has been 
suggested that the interplay of child-related physical factors and environmental factors are 
important36 and that environmental factors are mediating variables on the pathway to 
participation for children with disabilities37. 
 
1.1.4. Physical activities, physical activity, and habitual physical activity 
Physical activities are events and undertakings, which during performance require gross 
body movements and energy expenditure above a resting state. Examples include sports 
(athletics, riding a bike, playing football, playing basketball etc.), informal play (playing 
‘chase’ or ‘tag’, using play equipment etc.) and types of transport, occupational, and daily 
living activities (active transport such as walking to school, garden maintenance, physical 
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labour etc.)38. Physical activity (PA) is defined as any body movement using skeletal 
muscles that results in energy expenditure39. Habitual PA (HPA) is PA accumulated over a 
period of time, varying constantly between periods of work, rest and leisure40. Intensity of 
PA (how much energy is expended over a period of time) can be expressed using 
metabolic equivalents (METs), which is a ratio of the work rate of energy expenditure to an 
individual’s resting metabolic rate41. Intensity of PA ranges from sedentary (≤1.5 METs), 
light PA (1.6-2.9 METs), moderate PA (3-5.9 METs) and vigorous PA (≥6 METs)41. Time 
spent in moderate-vigorous PA (MVPA) is correlated with improved health outcomes in 
children (cardiovascular, metabolic, bone density)42. There is a dose-response relationship 
between MVPA and health outcomes. In children 5-17 years old, substantial health 
benefits begin at approximately 30 min∙day-1 MVPA and continue to accumulate until a 
plateau of 180-240 min∙day-1 MVPA42. 
 
The Australian Government Department of Health recommends that children aged 5-12 
years accumulate at least 60 minutes of MVPA per day43. Typically developing children in 
Australia fail to meet this guideline based on studies using objective methods of 
measurement (33 min∙day-1 of MVPA in n=491 Australian children 9-11 years old)44. 
Children with CP, however, perform even less HPA; a study comparing energy 
expenditure of children with CP to typically developing controls in free-living conditions 
found that children with CP had lower levels of HPA by, on average, 2,092 kJ/24 hours45. 
There is strong evidence that children with CP are also significantly more sedentary 
compared to typically developing children and young people (effect sizes -0.87 to -1.80)46. 
In a recent cross-sectional study of 102 ambulant youth with CP aged 8-17 years in 
Australia47, only 25% of participants met the Australian recommendation for PA on at least 
one day of measurement. 
 
1.1.5. Relationship between participation in physical activities and habitual physical 
activity 
A cross-sectional study of 62 children with activity monitors in free-living conditions, has 
identified that children and young people with CP aged 7-13 years are less active on 
weekend days compared to week days48. Children who were more physically active on 
weekends were more likely to participate in organised sports, suggesting that participation 
in PAs may be an important source of HPA for youth with CP48. The relationship between 
participation in PAs and HPA may not be unidirectional. Functional declines associated 
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with reduced HPA are on the causal pathway to lower levels of participation49,50.  
 
Characteristics associated with higher HPA include male sex, younger age, and increased 
walking capacity in ambulant children with unilateral CP47. These same characteristics are 
also associated with participation in PAs in typically developing children51. Increased 
frequency of participation in home and community contexts as measured on the PEM-CY 
is also correlated with higher HPA, further demonstrating the relationship between 
participation and HPA in children with CP52. Regular participation in sports and active 
recreation can form an impactful part of physiotherapy program for youth with CP7 that 
may attenuate the significant decline in physical walking capacity that occurs in 
adolescence53.  
 
1.1.6. Participation-focused interventions 
Most existing interventions reported in the literature for children with CP are not directed at 
the ICF-CY domain of participation, despite this being a “philosophical goal”30. A recently 
published systematic review32 identified only seven randomised or pseudo-randomised 
controlled trials with a specific aim to increase social participation in children with a 
disability 5-18 years old (not specific to CP). Interventions aimed at improving activity level 
outcomes have demonstrated limited translation into meaningful changes in 
participation54,55. Participation-based therapy, whereby participation is central to the 
episode of service, has been presented as a holistic approach to paediatric rehabilitation 
therapies that has the potential to enable participation36. Participation-based therapy is 
proposed as being goal-oriented, family-centred, collaborative, strengths-based, 
ecological, self-determined and individually-defined36. Participation-based therapy is 
carried out in a five-step process involving: (i) collaboration, (ii) mutual goal-setting, (iii) 
assessment of child and family context, strengths, and barriers to participation, (iv) 
development and implementation of goal-directed therapy plan, and (v) evaluation of 
processes and outcomes36. Solution-focused Coaching for Paediatric Rehabilitation is 
another model of therapy practice that emphasises an iterative process involving goal-
orientation to specifically target participation56. Solution-focused Coaching for Paediatric 
Rehabilitation, like Participation-based therapy, is also posited as strengths-based, and 
relational (collaborative/family-centred)56. Uniquely, it applies coaching methodologies 
including strategic questioning aimed to create an environment that enables client 
behaviour-change towards self-selected goals56.  
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Participation-based therapy and Solution-focused Coaching for Paediatric Rehabilitation 
are models of participation-focused therapy. Participation-focused therapy is defined, in 
the context of this thesis, as therapy specifically aimed at enablement, facilitation and/or 
enhancement of children’s participation. There is a paucity of empirical evidence to 
support participation-focused therapies. Limited evidence of efficacy was available for the 
small number (5%) of participation interventions reported in a recent, broad-scoping 
systematic review of therapies for children with CP30. The broad nature of participation and 
the complexity of interactions with personal, environmental and contextual factors leads to 
challenges in the composition, development, delivery and measurement of outcomes in 
participation-focused interventions. 
 
1.1.7. Human behaviour and behaviour-changing interventions 
Self-Determination Theory (SDT) is an influential theory explaining a variety of phenomena 
associated with human motivation and behaviour57-59. Basic psychological needs theory, 
nested within SDT, posits that human beings have three basic psychological needs57. 
These are (i) autonomy (being the initiator and regulator of one’s actions), (ii) competence 
(feelings of self-efficacy and the capacity to produce behaviour and achieve desired 
outcomes), and (iii) relatedness (the need to have meaningful relationships with others and 
feel connected to social order in general)57. According to SDT, autonomous functioning, 
effective performance, and wellness is promoted through the fulfilment of these needs, 
leading to an internally generated (intrinsic) motivation for sustaining a given behaviour60. 
An autonomy-supportive climate is one whereby a person’s autonomy is fostered and 
respected, fuelling intrinsic motivation. The opposite, a controlling climate, pressures 
people to behave in certain ways and undermines intrinsic motivation60.  
 
Intrinsic motivation is often identified as a strong correlate or predictor of maintenance of 
PA behaviours61. Moderate-high quality evidence supports SDT as a theoretical 
underpinning for PA behaviours across many population subgroups including people with 
chronic health conditions62. Patterns of PA behaviour remain consistent between typically 
developing youth and youth with CP, even though youth with CP appear to perform less 
MVPA. For example, in both groups, girls and older children perform less HPA than boys 
and younger children47. Interventions underpinned by theories of behaviour and motivation 
such as SDT may therefore also be effective in children with CP (as basic psychological 
needs and behavioural dispositions are common to all people59). A number of studies have 
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tested interventions or process models based on SDT, aiming to increase typically 
developing children’s leisure-time PA participation or levels of HPA, with positive 
outcomes61,63,64. One intervention approach that has been used in PA behaviour change 
research in people with chronic health conditions is Motivational Interviewing (MI)65. 
 
Motivational Interviewing is a clinical ‘brief intervention’ counselling technique that has 
some significant theoretical similarities with SDT and the spirit of which can be considered 
congruent with the principles of SDT60. Motivational Interviewing is a style of 
communication that is practical to implement in health care settings66 and has been used 
extensively in paediatric behaviour change interventions with significant magnitude of 
effect, as supported by one meta-analysis of 37 studies67. Interventions in this meta-
analysis whereby the child and their caregiver were participating together were shown to 
be more effective in achieving the health-related outcome than interventions delivered to 
either parent or child67. Key principles of MI involve ‘rolling with resistance’, ‘enhancing 
self-efficacy’ and ‘promoting change talk’ in the context of client autonomy68, through 
communications that are congruent with the underlying spirit of MI (the intersection of 
‘Partnership’, ‘Compassion’, ‘Evocation’, and ‘Acceptance’) are considered to be the 
essential elements69. Techniques based on these elements, whilst not developed to reflect 
SDT, can be used by interventionists seeking to promote an autonomy-supportive climate 
for their clients and work towards modifying PA and health behaviours70. Motivational 
Interviewing involves four fundamental processes which work from building a relational 
foundation (‘Engaging’), to communicating with the client in a guiding fashion with a 
direction or goal in mind (‘Focusing’, ‘Evoking’), and finally discussing strategies or actions 
(‘Planning’)69. These processes align with the fundamental steps of both Participation-
based therapy36 and Solution-Focused Coaching56 as models of family-centred paediatric 
therapy practice. 
 
1.2. Thesis outline and objectives 
Participation in PAs of choice is a right of all children. Whilst it is known that there are 
many barriers to participation in PAs for children with CP, effective means to enable 
participation and/or improve objectively measured PA behaviour are not yet known. Given 
that contemporary ways of conceptualising disability and participation emphasize the role 
of environmental, contextual, and behavioural factors (above physical impairments or 
activity limitations), it is important to identify whether existing interventions may be using 
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strategies to target these domains, and to develop and test the efficacy of interventions 
that align with processes theorized to be successful at enabling participation. A program of 
research is therefore required to address the following aims and hypotheses relating to the 
efficacy of interventions aimed to increase participation and HPA in children with CP. 
 
This doctoral program will: 
1. Systematically review the efficacy and contents of therapy and behaviour change 
interventions aimed to increase participation in PAs and/or HPA in children aged 5-
18 years with CP, and 
2. Propose, design, register, obtain funding for, recruit for, and conduct a randomized 
waitlist controlled trial of a novel participation-focused physiotherapy intervention 
(ParticiPAte CP, ACTRN12615001064594) to: 
a. Investigate the efficacy of ParticiPAte CP on performance and satisfaction 
with self-selected leisure-time PA goals in children aged 8-12 years with CP, 
Gross Motor Function Classification System (GMFCS) I-III, and 
b. Investigate the efficacy of ParticiPAte CP on objectively measured, daily 
HPA in children aged 8-12 years with CP, GMFCS I-III. 
 
1.3. Aims and hypotheses 
To address the objectives of this doctoral program, the following overarching aims will be 
explored and corresponding hypotheses tested: 
 
Aim 1: To systematically review the evidence for therapy and behaviour change 
interventions aimed to increase participation in leisure time PAs and/or HPA in children 
aged 5-18 years with CP. Secondarily, to describe the contents of included interventions 
according to how they act to change behaviour, in order to elucidate any active 
ingredients. 
Hypothesis: Interventions aiming to increase activity capacity that contain few elements 
that act to target other barriers to PA behaviour change (e.g. environmental context and 
resources, motivation etc.) will not be effective to increase participation in PAs and/or HPA 
in children aged 5-18 years with CP. 
Rationale: It is not known to what extent existing interventions are effective at increasing 
participation in PAs or HPA in children with CP, or how they have acted to modify PA 
behaviours. 
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Aim 2: To determine the efficacy of a participation-focused physiotherapy intervention 
(ParticiPAte CP), compared to usual care, on perceived performance (and satisfaction with 
performance) of individual PA participation goals in children with CP GMFCS I-III aged 8-
12 years. Secondarily, to determine whether increased goal performance is accompanied 
by changes in goal confidence (self-efficacy), behavioural barriers to participation in PAs, 
health-related quality of life (QOL), and community participation frequency and 
involvement. 
Hypothesis: Children receiving ParticiPAte CP will have increased perceived PA 
participation goal performance and satisfaction with performance on the Canadian 
Occupational Performance Measure (COPM) by at least two points, and will have 
increased self-efficacy and health-related QOL compared to children receiving usual care. 
Parents will report increased community participation and reduced barriers to participation. 
Rationale: Interventions acting to modify barriers to PA participation across multiple 
domains (not just activity capacity), which are individualized, participation goal-directed 
and align with family-centred models of therapy appear to have the best potential to 
increase participation of children with CP in leisure-time PAs. 
 
Aim 3: To determine whether changes in PA participation goal performance and 
satisfaction following a participation-focused physiotherapy intervention (ParticiPAte CP), 
compared to usual care, translate into improved objectively measured PA behaviour 
(HPA). 
Hypothesis: Children receiving ParticiPAte CP will have increased min∙day-1 MVPA, as 
measured by 7-day hip-worn triaxial accelerometry, on average compared to children 
receiving usual care. Children receiving ParticiPAte CP will also have less daily sedentary 
time following the intervention. 
Rationale: Participation in PAs may be an important source of HPA for children with CP 
GMFCS I-III. If children perceive that they are participating more often, or are more 
involved in their PA of choice, they may accumulate more MVPA than prior to this change. 
It is also important to support patient reported outcomes with an objective measure of 
behaviour change, due to the hypothesized mechanism of action of the intervention.  
 
1.4. Format of thesis 
This thesis is presented as a series of six chapters, two of which (Chapters 2 and 3) are 
comprised of papers published in peer-reviewed journals at the time of thesis submission. 
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These papers are included in the form finally accepted for publication, with minor changes 
to facilitate consistency in language across the thesis. To enable the inclusion of important 
contextual information and discipline-specific discussion, Chapters 4 and 5 are expanded 
versions of a single paper that has been submitted for publication and is under review at 
the time of thesis submission. These papers are included in the form originally submitted 
for peer-review prior to the decision to combine the results (single paper under review is 
attached as Appendix 3). The grand discussion highlights the connections between the 
publications, synthesizes the research findings in the context of the broader literature, 
discusses implications for translation into clinical practice, identifies strengths and 
limitations of the present studies, and presents recommendations for future studies. 
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Chapter 2. Systematic review 
 
2.1. Introduction to Chapter 2 
This chapter consists of the published paper entitled “The efficacy of interventions to 
increase physical activity participation of children with cerebral palsy: a systematic review 
and meta-analysis”. This paper describes and presents the results of a systematic review 
of therapy and behaviour change interventions aimed at increasing participation in physical 
activities (PAs) and/or objectively measured habitual PA (HPA) level in children and youth 
with CP to address aim 1 of this doctoral program. Meta-analyses were conducted to 
examine the overall efficacy of existing interventions. The review also used a novel 
method to categorize the content of the included interventions according to the 
International Classification of Functioning, Disability and Health, Children and Youth 
version (ICF-CY) and Theoretical Domains Framework (TDF), to facilitate understanding of 
the “active ingredients”. This systematic review was necessary to inform the experimental 
design and active ingredients of the proposed new intervention to increase participation in 
PAs in children with CP. 
 
Statement of contribution to the publication: 
Contributor Statement of contribution 
Author Sarah Reedman (Candidate) Conception and design (60%) 
Analysis and interpretation (70%) 
Drafting and production (70%) 
Author Roslyn Boyd Conception and design (20%) 
Analysis and interpretation (10%) 
Drafting and production (15%) 
Author Leanne Sakzewski Conception and design (20%) 
Analysis and interpretation (20%) 
Drafting and production (15%) 
 
This paper was published online in Developmental Medicine & Child Neurology on March 
20 2017 (2016 impact factor: 3.116). It was one of the top 20 downloaded papers in 
Developmental Medicine & Child Neurology in the 2016-2017 period, with over 1080 
downloads in the period since publication. The review has a published editorial 
commentary by Dr Jan Willem Gorter, noting the impact of the publication as providing 
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Level I evidence that impairment-focused approaches are not alone sufficient to improve 
PA participation or HPA of children and youth with CP1. It was also presented orally at the 
8th Biennial Conference of the Australasian Academy of Cerebral Palsy and 
Developmental Medicine (AusACPDM), March 30-2 April 2016, Adelaide, Australia and the 
International Conference on Cerebral Palsy and other Childhood-onset Disabilities 
(ICPC/EACD/IAACD), June 1-4 2016, Stockholm, Sweden. 
 
2.2. Paper 1: “The efficacy of interventions to increase physical activity 
participation of children with cerebral palsy: a systematic review and meta-analysis” 
 
Authors Sarah Reedman, Roslyn N Boyd, Leanne Sakzewski 
 
ABSTRACT 
Aim To determine efficacy of therapy and behaviour change interventions to increase 
participation in leisure-time PAs and HPA in children and youth with cerebral palsy (CP). 
Method Five databases were systematically searched. Included studies were randomized 
or comparison designs. Methodological quality was assessed with a modified Downs and 
Black Scale. Quantitative analysis was performed using RevMan 5.3.5. Intervention 
components and behaviour change constructs were mapped against the ICF-CY and TDF. 
Results Searches yielded 2488 unique articles. Nine studies (ten articles) were included. 
Interventions included physical training, activity level training, combined physical training 
and behaviour change therapy, online behaviour change modules, and context-focused 
therapy. Study quality varied from moderate to high. There was a small, significant effect 
of PA intervention compared to passive usual care on HPA, of approximately 1000 
additional steps per day (SMD 0.34, 95% CI: 0.03 to 0.66, p=0.03). There was no 
significant effect on leisure-time PA participation (SMD 0.40, 95% CI: -0.40 to 1.19, 
p=0.33). 
Interpretation Therapy and behaviour change interventions have the potential to increase 
leisure-time PA participation of children and youth with CP although there is a need to 
depart from impairment-focused approaches. Inappropriate selection of outcomes and 
inadequate reporting of complex interventions are barriers to progress in this field. 
Systematic review registration PROSPERO CRD42015024603 
 
What this paper adds    
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 Meta-analysis revealed a small, significant effect on HPA that may not be clinically 
significant 
 Interventions targeting PA were generally not goal-directed or participation-focused. 
 There was no significant effect on intensity/frequency of participation in physical 
and skill-based activities. 
 
INTRODUCTION 
Participation is defined as involvement in a life situation as part of the fulfilment of a social 
role2. Participation in leisure activities of choice is a human right and developmentally 
necessary for all children3, and can invoke feelings of inclusion, safety and wellbeing for a 
child in their family, friendships and wider society4. Participation in leisure-time PAs 
provides opportunities for children to develop motor and social skills, and to experience the 
health benefits of PA5.  
 
Physical activity is defined as any body movement using skeletal muscles that results in 
energy expenditure (varying continuously between low and high levels)6. Habitual PA is 
PA performed during the usual activities of daily living throughout a period of time (e.g. 
day, week, etc.) varying through periods of rest, work, and leisure7. Children and young 
people with CP compared to typically developing peers have lower levels of HPA by, on 
average, 2,092 kJ/24 hours8. A cross-sectional study of 62 children with CP aged seven to 
13 years using activity monitors in free-living conditions found they were less active on 
weekend days compared to week days9. Children with CP who were more physically 
active on weekends were more likely to participate in organised sports9, suggesting that 
participation in PAs may be an important source of HPA for youth with CP. 
 
Children with CP face a greater number of, and different barriers to accessing and 
participating in leisure-time PAs than typically developing children10-13. They also 
participate less often14, and at a lower intensity12 compared to typically developing peers. It 
is increasingly being recognised that many of the barriers to participation in leisure-time 
PAs for children with CP are contextual in nature5,10,12,15-20 and may not be overcome with 
improvements in activity capacity or body structures and functions21. A single family may 
experience diverse contextual barriers such as the parent’s fear of their child being 
injured22 or perceived negative community attitudes10. 
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Traditionally, clinicians have set therapy goals for children with CP with respect to 
impairments in body structures and functions and/or activity limitations. Recently, there 
has been a push toward setting treatment goals that are directly related to the participation 
restrictions experienced by the child and their family23. Specific models for participation-
focussed therapy have been postulated24,25. Such models generally represent multimodal 
intervention approaches (contain components targeting both impairments/activity 
limitations and contextual factors) in contrast to unimodal approaches. There is a paucity 
of clinical trials investigating participation-focussed therapy to increase participation for 
children with CP. A recent, broad-scoping systematic review of therapies for children with 
CP23 reported that only 5% of included studies were aimed at increasing some element of 
community participation, with limited evidence to support the efficacy of those 
interventions.  
 
Despite differences in the amount of HPA, patterns of HPA are consistent between 
ambulant youth with CP and their typically developing peers. For example, boys and 
younger children have higher HPA compared to girls and older children respectively26. This 
alludes to more complex behavioural determinants of health being as important in the 
population of children with CP as they are in the general population. To increase 
participation of children and youth with CP in leisure-time PAs of choice, consideration 
must be given to techniques designed to modify health behaviours. These include 
counselling27 and coaching methods24,28, public health-style interventions, and internet-
delivered programs29. Overall there is good evidence to support the use of theories of 
human behaviour and motivation in explaining exercise and PA behaviour across a wide 
variety of contexts, in both ‘healthy’ and clinical populations30.  
 
It is not known whether behaviour-changing interventions are effective in increasing HPA 
and/or participation in leisure-time PAs in children and youth with CP. Furthermore, limited 
information is available about how these interventions may act to change behaviour. The 
TDF can be used to explore behaviour change processes within interventions31. The 
revised TDF is an integrative framework of 14 domains containing related behaviour 
change theories or constructs32. Some domains relate to the individual (e.g. Knowledge, 
Skills, Emotion, Beliefs about Capabilities), some relate to functions or interventions 
occurring as part of behaviour change (e.g. Goals, Intentions, Reinforcement), and others 
relate to environmental factors (e.g. Environmental Context and Resources, Social 
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Influences) 32. Behaviour changing techniques or intervention components (e.g. 
Motivational Interviewing [MI]) can be mapped to one or more TDF domains33. 
 
The primary aim of this systematic review was to determine the efficacy of therapy and 
behaviour change interventions aimed to increase the level of participation in leisure-time 
PAs in children with CP aged 5-18 years, versus any control. Interventions aimed at 
increasing HPA were also included due to the strong correlation between this parameter 
and PA participation in children with physical disabilities34. The secondary aims of this 
review were to identify the components of these interventions and explore potential 
mechanisms of behaviour change. 
 
METHOD 
Search strategy 
Articles were identified through a systematic search of the following computerised 
bibliographic databases: PubMed, CINAHL, Web of Science, PsycINFO, and Embase from 
inception to February 2016. Publication alerts were set up for each database and 
monitored until January 2017 to detect further studies potentially eligible for inclusion. 
Exploded Medical Subject Heading (MeSH) terms and keywords were used including: 
(‘child’) AND (‘cerebral palsy’) AND (‘physical therapy’ OR ‘occupational therapy’ OR 
‘health behaviour’) AND (‘participation’ OR ‘physical activity’ OR ‘sedentary’ OR ‘sport’ OR 
‘leisure’ OR ‘recreation’) AND (‘randomized’ OR ‘clinical trial’ OR ‘pilot study’ OR 
‘interrupted time series’) (see Appendix 4). Reference lists of included articles were hand-
searched to identify any further articles meeting inclusion criteria. The systematic review 
protocol was registered with the PROSPERO database 
(http://www.crd.york.ac.uk/PROSPERO/) prior to the completion of data extraction 
(CRD42015024603). 
 
Inclusion criteria 
Studies were required to meet the following criteria for inclusion; (1) study was a 
randomised controlled trial (including waitlist design), controlled-cohort study, controlled 
cross-over design, n≥5 interrupted time series design study, or n≥10 case series with a 
control group and/or period; (2) participants were ≥50% children of school age (five to 18 
years) with ≥50%  of  participants having a confirmed diagnosis of CP; (3) a primary or 
secondary aim, objective and/or hypothesis of the experimental intervention was to 
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increase (a) participation frequency, diversity, intensity, and/or duration in leisure-time PAs 
and/or (b) HPA, (4) interventions were non-surgical, non-pharmacological, and could be 
classified as modalities of physiotherapy, occupational therapy, exercise therapy, 
psychology, behaviour change therapy, counselling, or public health; (5) reported 
outcomes included measures of community sports, active leisure, or active recreation 
participation frequency, diversity, intensity, and/or duration, and/or HPA. 
 
Exclusion criteria 
Studies were excluded if: (1) the article was not published in English (due to a lack of 
translation services; less than five identified following initial search); (2) the article reported 
only a global outcome of participation across multiple contexts for which it was not 
possible to extract information about leisure-time PA participation. 
 
Study selection 
The initial search, removal of duplicates and screening of title and abstracts was 
performed by the first author (SR). Abstracts meeting inclusion criteria or those requiring 
the full text to clarify inclusion were retained and reviewed independently by two authors 
(SR and LS). Consensus was reached by discussion between the authors and articles 
were referred to a third author (RB) where any disagreements about eligibility arose.  
 
Data extraction and qualitative analysis 
Information about the study design, sample characteristics, and the components of 
treatment and control conditions were extracted and summarised for each of the included 
studies by one author (SR) and confirmed by another (LS).  
 
To address the second aim of the review to identify components of the interventions and 
explore potential mechanisms of behaviour change, intervention components were 
mapped to the TDF and ICF-CY35. This process was completed independently by two 
reviewers (SR and LS), who are qualified therapists with experience in research and 
application of evidence-based behaviour-changing interventions. Salient article text 
describing each intervention was used to determine the main intervention components 
(e.g. home-based activity-focussed physiotherapy, barrier identification). These 
components were then linked to TDF and ICF-CY domains based on the reviewer’s 
knowledge and experience of the underlying theory and mechanism of action of each 
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component, and the application of the component as described in the article if different to a 
standard process (e.g. use of reinforcers such as reward charts). 
 
The ICF-CY definitions for Body Structures and Functions (impairments), Activities (activity 
limitations), Participation (participation restrictions), and Contextual Factors36 were used as 
the basis for mapping components to these domains. The two reviewers met and used 
consensus processes to agree on final mappings for both the TDF and ICF-CY. In 
instances where mapping to a specific domain was implied but not explicitly stated within a 
study, the relevant TDF domain was recorded with an asterisk. For example, authors may 
have described conduct of training in a group without explicit reference to how this may 
influence participant behaviour differently than for an individualised therapy (i.e. the 
influence of peers, TDF domain of Social Influences).  
 
Methodological quality and risk of bias 
The methodological quality of each included study was assessed against a modified 
Downs and Black Scale by two independent reviewers (SR and LS); with disagreements 
resolved by discussion. The Downs and Black Scale can be used to rate the 
methodological quality of both randomised and non-randomised studies37. The modified 
version includes a simplified question on study power; 0 (no, did not discuss or achieve 
adequate power) or 1 (yes, achieved adequate power). A study was adequately powered if 
it met enrolment targets based on a-priori power and sample size calculations reported in 
the methods. To assess risk of bias, a funnel plot was generated for each meta-analysis of 
greater than two studies. 
 
Quantitative analysis 
Data management and analyses were performed using RevMan 5.3.5 (Cochrane 
collaboration, Oxford England). Continuous outcomes for each study were summarized 
with mean, effect size and 95% confidence interval (CI). Where possible, data were 
pooled, and standardized mean difference (SMD) was calculated using a Random Effects 
model due to heterogeneity of interventions anticipated prior to executing the systematic 
searches of the database. A post-hoc subgroup analysis was performed for HPA data. All 
effect sizes were interpreted according to Cohen’s criteria (small 0.2<effect size>0.5, 
medium 0.5<effect size>0.8, large effect size≥0.8)38. The effect size was transformed back 
into the units of measurement by multiplying the SMD by a representative standard 
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deviation from available studies39. 
 
RESULTS 
Data extraction 
A total of 2488 unique articles were identified including eight from secondary searches and 
one from a publication alert. After screening by title and abstract, 89 records met initial 
criteria and were independently reviewed for inclusion. Protocol papers and additional 
outcomes papers were then sought for included articles where available. Nine studies, 
comprising ten articles29,40-48, two protocol papers27,49, and one additional outcome paper50  
were included. Seven studies were randomized controlled trials29,40,43-48, one was a case-
control design41, and the remaining an interrupted time series design42. Six articles 
presented data that could be pooled in meta-analyses29,40,43,45-47 (Figure 2a). 
 
[Insert Figure 2a Study selection flow diagram] 
 
Participant and study characteristics 
The nine studies incorporated a total of 377 participants. All but one participant had a 
diagnosis of CP and the majority were described as Gross Motor Function Classification 
System (GMFCS) I-III with a spastic motor type. Participants were between seven and 22 
years of age (range of means 9y 6m-18y 4m) and the majority were male (range 53-83%, 
Table IIa)29,40-46,48. Interventions aimed at increasing participation in leisure-time PAs 
and/or HPA included: physical training (four studies, n=156)40,44,47,48; activity level training 
interventions (two studies, n=125)41,43;  a combined physical training and behaviour 
change intervention (one study, n=49)45,46; an online behaviour change intervention (one 
study, n=41)29; and context-focused therapy (one study, n=6)42. Physical training 
interventions utilised resistance, anaerobic, and aerobic exercise training alone or in 
combination40,44,47,48. Activity level training involved the practice of specific skills (e.g. 
jumping, throwing, reaching or squatting) in a one-one setting41 or videogame format43. 
Interventions were delivered in the community40,41, home29,43, and school contexts44,47,48 
with two interventions applied in more than one context42,45,46. Interventions were delivered 
by either a Physiotherapist40,41,45-48 or an Occupational Therapist42; were self (participant)-
directed with43 or without29 additional support; or were not described44. Intervention length 
varied from four to 39 weeks, intensity ranging from one to six sessions per week and 
duration of sessions ranging from 30 to 60 minutes. Dosage parameters were described 
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more often for physical or activity-level training40,41,43-48 than for behaviour-changing or 
context-focused therapy29,42,45,46. Six included randomized controlled trials29,40,43-47 and the 
single case-control study41 described ‘usual care’ controls consisting of varying therapy 
contact. Of these, only one described the control condition in similar detail to the research 
intervention44. One randomized controlled trial described an alternative treatment control 
condition consisting of sedentary activities (such as craft and social conversation) in a 
group setting48. The structure and content of intervention and control conditions are 
summarized in Table IIb.  
 
[Insert Table IIa Sample characteristics and experimental design of included studies] 
[Insert Table IIb Structure and content of intervention programs and control conditions] 
 
Twenty-one intervention components across nine studies were mapped to one or more of 
the ICF-CY domains29,40-48. Seven (78%)40,42-48 studies had one or more intervention 
components acting at the level of Body Structures and Functions, eight (89%)29,41-48 at 
Activities, four (44%)27,29,42,46,48 at Participation, and four (44%)29,42,43,45,46 at Contextual 
Factors. One (11%)40 intervention acted only at the Body Structures and Functions 
domain. Only two (22%)42,45,46 interventions had components that collectively, targeted all 
four ICF-CY domains. All 14 TDF domains were represented across the nine studies. Four 
(44%)40,44,47,48 interventions utilising physical training and two (22%)41,43 utilising activity-
level training consisted primarily of impairment-focused approaches to behaviour change 
(‘Skills’ practice). Context-focused and explicitly described behaviour changing 
components of the remaining interventions were mapped to various other TDF domains 
(Table IIc). 
 
[Insert Table IIc Intervention components of included studies mapped to both the 
International Classification of Functioning, Disability and Health domains and the 
Theoretical Domains Framework according to supporting evidence] 
 
Methodological quality, adverse events 
Six studies (all randomized)29,40,43,45-48 had moderate to high methodological quality (score 
≥21), and three studies (two non-randomized trials and one randomized controlled 
trial)41,42,44 had weak methodological quality (score 15-16, Table IIa). Adequate power to 
detect statistical significance was not achieved (or mentioned) in five studies29,41,42,44,48. In 
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six studies, raters were blinded to the primary outcomes29,40,45-48. Five studies used 
concealed allocation29,43,45-48. Seven studies reported adequate adherence with the 
research intervention29,42-48. Six studies adequately adjusted for confounding variables and 
loss to follow-up in analysis29,40,43,45-48. Outcomes for HPA behaviour were unable to be 
extracted for meta-analysis from two papers, as count outcomes and measures of 
variability (e.g. standard deviations) were not reported41,48. One study used methods of 
determining HPA that were incomparable between their intervention and control groups44. 
This data was therefore not included in effect size calculations or meta-analysis.  
 
There were six reported adverse events across all studies including: minor 
musculoskeletal aches (number not reported)40; minor hip pain in one participant resolving 
after rest46; redness and pain after running into equipment48; two falls with no injury48; and 
one broken wrist47. 
 
Participation outcomes 
Data from two studies of physical training alone47 or physical training combined with a 
behaviour change intervention45  (n=54) compared with usual care control (n=55) had a 
SMD of 0.40 (95% CI: -0.40 to 1.19, p=0.33, Figure 2b) for the intensity or frequency of 
participation in PAs on the Children’s Assessment of Participation and Enjoyment (CAPE). 
The same interventions had an SMD of 0.65 (95% CI: -0.23 to 1.52, p=0.15, Figure 2b) for 
intensity or frequency of skill-based activities on the CAPE. Results of studies reporting 
leisure-time PA participation outcomes are summarized in Table IId. 
 
[Insert Table IId Summary of results of studies reporting on participation outcomes] 
 
Habitual physical activity level outcomes 
Accelerometer data transformed into stride counts across four studies comparing a PA 
intervention (n=98) to usual care control (n=101)29,40,43,46 had a SMD of 0.21 (95% CI: -
0.16 to 0.58, p=0.27, Figure 2b). A post-hoc subgroup analysis of three studies comparing 
a PA intervention (n=78) with passive usual care control (limited to no therapy, n=81)29,40,43 
had a SMD of 0.34 (95% CI: 0.03 to 0.66, p=0.03, Figure 2b). The effect size expressed in 
test units is between 82143 and 136429 steps per day. Results of studies reporting HPA 
outcomes are summarized in Table IIe. A funnel plot generated for this analysis 
demonstrated symmetry in a funnel shape about the mean effect (Figure 2c). 
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[Insert Table IIe Summary of results of studies reporting on habitual physical activity 
outcomes] 
[Insert Figure 2b Meta-analysis] 
[Insert Figure 2c. Funnel plot (risk of bias analysis) for Meta-analysis: Efficacy of Physical 
Activity Intervention vs Control on Number of Steps over a Period of Time] 
 
DISCUSSION 
The primary aim of this systematic review and meta-analysis was to determine the efficacy 
of therapy and behaviour change interventions to increase leisure-time PA participation 
and/or HPA in children and youth with CP. Nine studies were identified that aimed to 
increase leisure-time PA participation and/or HPA. Meta-analysis of three studies29,40,43 
revealed a significant, modest effect of therapy and behaviour change interventions to 
increase HPA compared with limited or no therapy. The increase in step count achieved in 
these studies was insufficient, however, to reach a recommended daily step count for 
typically developing children of at least 1200026. There was no effect of therapy and 
behaviour change interventions to increase participation in physical and skill-based 
activities.  
 
The secondary aims of the present review were to identify intervention components and 
explore potential mechanisms for behaviour change. Some studies used a range of 
intervention components targeted towards multiple ICF-CY domains and/or used a 
combination of behaviour changing elements. It is not clear whether these multimodal 
intervention approaches are superior to a unimodal approach. A recent pilot study51 (not 
eligible for this review due to study design and not all participants having set active leisure 
goals), found that a goal-directed intervention employing a multimodal approach 
contributed substantially towards leisure participation goal attainment for children and 
youth with physical disabilities. In a recent systematic review of social participation 
interventions, goal-directed treatment programmes were generally more effective to 
increase social participation21. Only one42 of the nine studies included in the present 
review used an explicit participant goal-directed intervention framework. The present 
review indicates there may be a limited effect of impairment and capacity-focused 
unimodal interventions (without consideration of contextual barriers and facilitators) to 
increase leisure-time PA participation in children with CP. 
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Physical activity is a complex health behaviour52. Health behaviours are behaviours 
(including PA, sedentary behaviour, or food choices) that may have a positive or negative 
impact on a person’s global health and wellbeing53. In the present review, only three of 
nine included studies29,45,46 justified their intervention using a theory of human behaviour 
and/or motivation. Physical capacity and HPA are strongly correlated54 and physical 
capacity may have a causative influence on HPA in children with CP55. There is a 
temptation to focus on physical capacity (e.g. practice of skills, activity level training) as a 
target for rehabilitation to change HPA without consideration to the important role of 
behaviour, context and motivation. Theory-based approaches to the development of 
behaviour-changing interventions can help to inform the end-user about underlying 
mechanisms of action and may promote further exploration of the ‘active ingredients’56. 
Salient behaviour change domains that are key factors related to PA participation in 
people with a physical disability57, such as ‘environmental context and resources’, and 
‘beliefs about capabilities’ were represented in one third of the included studies29,42,45,46. 
 
Self-Determination Theory (SDT) is one influential theory explaining a variety of 
phenomena associated with human motivation and health behaviours58,59. A recently 
published review60 aimed to capture the meaning of leisure-time PA participation for 
children and youth with physical disabilities. The review identified four key themes: ‘fun’, 
‘freedom’, ‘fulfilment’ and ‘friendship’, which were compared directly to the fulfilment of 
three basic psychological needs of human beings: Autonomy, Relatedness, and 
Competence58. In climates where these needs are fulfilled, SDT postulates that we are 
more intrinsically motivated in goal pursuits (such as for PA participation) and are more 
likely to have better goal performance61. Overall there is good evidence to support the use 
of SDT in explaining PA behaviours across a wide variety of contexts30. Interventions 
congruent with SDT have the potential to be effective to increase HPA30. None of the 
included studies in this review used SDT as a framework for intervention design, content, 
or outcome measurement.  
 
The nature of participation itself presents challenges to both researchers and clinicians in 
conceptualisation, measurement, and research translation. It has been suggested that 
participation is multidimensional – consisting, at least, of elements of subjectivity and 
objectivity that are not directly related2,62. In children with CP and other physical 
disabilities, aspects of leisure-time PA participation pertaining to intensity, diversity, and 
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type can be heavily influenced by individual preferences63,64, which in turn, are influenced 
by factors such as age and gender20. Participation can therefore be difficult to compare 
directly between individuals or to a population norm62. The CAPE was the main 
participation outcome in two studies included in this review, however it does not have 
demonstrated responsiveness to change in children with CP65. It was also used as a 
participation outcome in one other included study, however only overall diversity of 
participation was reported (not participation in PA)48. The fixed item design of the CAPE is 
not ideal to capture subtle changes in participation in PAs. For example, an individually 
important increase in the participation frequency of the preferred activity of ‘swimming’ for 
one child, may be washed out by minimal changes in other items on the scale. Goal-based 
individualised outcomes, such as the Canadian Occupational Performance Measure 
(COPM)66 have the potential to capture changes in participation goals that are specific to 
the individual’s preferences and their environment (context). When using the COPM to 
measure participation outcomes, care must be taken to clearly describe an ‘attendance’ 
(frequency and/or diversity) or ‘involvement’ aspect to the goals. Additionally, the 
participation goals should not reflect activity competence. This is in line with current 
operationalization of participation, according to the Family of Participation-related 
Constructs (fPRC, Figure 1b, Chapter 1 page 2)67.  
 
There are some limitations to the generalizability and interpretation of the results of this 
systematic review and meta-analysis. Only one intervention44 defined the control condition 
in similar detail to the experimental condition, making it difficult to compare effect size 
estimates even though risk of bias was moderate-low. There was a lack of consistency in 
reporting PA outcomes across studies. Habitual PA does not have a definable biological 
marker and is multi-dimensional52. Accelerometers are valid and reliable objective 
measures of HPA intensity in children with CP who are ambulatory. A limitation of 
accelerometry, however, is the inability to measure activities such as swimming which may 
be an important source of HPA in people with ambulatory activity limitation. Population and 
age specific validation for interpretation of activity levels and the amount of sedentary time 
has been established in some groups (adolescents GMFCS I-III with spastic CP68, children 
and youth GMFCS I-II with unilateral CP69, and children aged 4-5 years GMFCS I-V with 
all types of CP70). More evidence of the responsiveness of accelerometry to complex or 
behaviour-changing interventions is required in this population.  
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Accurate and comprehensive reporting of complex interventions is important to ensure 
repeatability and allow conclusions to be drawn about any active ingredients71. A reporting 
checklist, called the Template for Intervention Description and Replication (TIDieR)71, is 
now available for researchers to ensure that their reporting contains the necessary 
elements for reliable understanding, replication and/or implementation of their trial 
intervention. In one study47, participation outcomes on the CAPE were presented as 
change scores and authors were not contacted to provide raw data. This may affect the 
validity of the meta-analysis on physical and skill-based activity participation outcomes. 
Selection of appropriate outcome measures, such as goal-based outcomes for 
participation frequency or involvement and accelerometer-related outcomes for HPA, will 
ensure that intervention effects can be evaluated and compared. 
 
Publication bias appears to be low given visual inspection of the funnel plot (Figure 2c) 
and the number of outcomes reported with negligible effect sizes (Tables IId and IIe), 
though the number of included studies is too small for certainty. The meta-analyses 
performed were on a small number of studies with somewhat heterogeneous interventions 
and weak effects. This reduces the ability of the meta-analyses to give a good estimate or 
summary of the ‘true’ intervention effect of therapy and behaviour change interventions on 
PA participation and HPA72. The meta-analyses however are useful for examination of 
trends in the existing data, and to support a direction for further research and analysis73 
(i.e., a shift away from capacity- and skills-focused interventions to improve PA behaviour). 
 
One inclusion criterion of this review was an explicit aim, objective or hypothesis relating to 
participation and/or HPA. Most of the included studies had primary aims to increase some 
element of physical capacity. It is not surprising that effect sizes in participation and HPA 
domains were not compelling. Participation-focused therapy is proposed to be family-
centred, goal-directed, self-determined, and ecological25. It also recognises contextual 
factors as key determinants of participation74. Considering that participation-based therapy 
is one of the only proposed approaches to paediatric rehabilitation that specifically aims to 
promote participation25, it is imperative to explore its efficacy to increase the participation 
of children with CP in leisure-time PAs.  
 
CONCLUSION 
This systematic review and meta-analysis demonstrated no significant effects of therapy 
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and behaviour change interventions to increase leisure-time PA participation in children 
and youth with CP. There was a modest but clinically insignificant effect to increase HPA. 
In general, studies were capacity-focused, likely underpowered and used participation 
measures that may not be sensitive to detect change. 
 
Mapping of intervention components to the TDF highlighted a focus on intervention 
techniques that influence Skills (e.g. training to increase activity capacity). There was less 
attention to other salient domains of health behaviour change, such as Environmental 
Context and Resources (e.g. barriers identification and environmental redesign), Goals 
(e.g. goal-setting), and Beliefs about Capabilities (e.g. self-reflection and positive role-
modelling). The use of a theoretical framework may help to inform the development and 
evaluation of appropriately targeted interventions to improve participation outcomes of 
children with CP. 
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2.3.  Figures and tables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2a Systematic review study selection flow diagram 
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Figure 2b Meta-analysis: (i) Efficacy of Physical Activity Intervention vs Control on 
Frequency or Intensity of Participation in Physical Activities (ii) Efficacy of Physical Activity 
Intervention vs Control on Frequency of Intensity or Participation in Skill-based Activities 
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Figure 2c Funnel plot (risk of bias analysis) for Meta-analysis: Efficacy of Physical Activity 
Intervention vs Control on Number of Steps over a Period of Time. 
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2.4. Summary and conclusions 
This systematic review and meta-analysis synthesized findings from nine mostly moderate 
to high quality randomized and comparison trials of therapy and behaviour change 
interventions to improve leisure-time PA participation and/or HPA in children and youth 
with CP. The following is a list of salient findings from the systematic review, accompanied 
by points of consideration to shape the methodology of the planned randomized controlled 
trial to address aims 2 and 3 of the doctoral program: 
1. The majority of interventions cited (as a theoretical underpinning) a correlation 
between reduced physical capacity and reduced participation or HPA in children 
with CP. There was an assumption that participation and HPA would therefore 
increase following strategies targeted at activity limitations. The meta-analysis 
produced level I scientific evidence that physical training alone does not improve 
participation in PAs or HPA in children with CP aged 5-18 years. 
a. The planned intervention will directly aim to increase participation, with 
participation as the primary driver for the selection of treatment strategies, 
and as the main outcome. 
2. Few interventions considered the role of context, environment, and 
motivation/behaviour, which are domains that are frequently cited by people with 
physical disabilities as restricting their participation in PAs. 
a. The planned intervention will have a theoretical underpinning in social 
models of disability and theories of human motivation, and will utilize a 
clinical reasoning framework that aims to identify barriers in context, 
environment, and motivation/behaviour (in addition to activity capacity). 
3. Interventions that are goal-directed, ecological, participation-focused42,51,75, and that 
contain behaviour-changing modalities29 had the most potential to increase 
participation in PAs and/or HPA (compared to activity limitation-focused 
interventions), however there were no large or randomized studies meeting all of 
these criteria. 
a. The planned study will be a randomized trial, adequately powered for the 
primary outcome of participation in PAs. The control group will receive usual 
care, and will then receive the intervention following a waitlist period to 
facilitate equity of access. 
b. The primary outcome measure will be a goal-based outcome (COPM) to 
reflect the individual nature of participation and maintain the goal-directed 
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intervention approach. 
c. The planned intervention will include behaviour-changing modalities and 
strategies aimed to modify barriers in the context and environment. 
4. Outcome measures for both participation and HPA were variable across studies, 
and this influenced the ability to draw conclusions about the efficacy of 
interventions. Some studies chose outcomes such as the Assessment of Life Habits 
(LIFE-H) which does not adequately measure the construct of participation as 
defined by the fPRC (as it measures the extent of assistance required to participate 
as opposed to one of the dimensions of attendance or involvement)76. Others 
utilised the CAPE, for which there is no evidence of responsiveness to change65. 
a. The planned study will collect both goal-based outcomes for participation in 
addition to outcomes such as the Participation and Environment Measure – 
Children and Youth (PEM-CY)77 which capture both frequency of 
participation and involvement (as defined by the fPRC76). 
b. Multiple-day body-worn triaxial accelerometry will be used as a validated, 
gold standard of HPA monitoring in free-living conditions for ambulant youth 
with CP69. 
 
Since people with CP are almost twice as likely to report participating in PAs as an adult if 
they participated in PAs during adolescence78, pre-adolescent children 8-12 years of age 
(prior to this critical phase) will be included. Cross-sectional research suggests that 
children classified at GMFCS IV-V accumulate almost no min∙day-1 of MVPA79 and 
currently, GMFCS-specific cut points for HPA intensity are only available for youth at 
GMFCS I-III80. Significant validation work will be required to develop data reduction 
methods for accelerometry that will accurately measure HPA in children at GMFCS IV-V. 
Furthermore, little is known about the types of activities available within the community for 
children who are non-ambulant81. It is assumed that there is a more restricted range of 
activities which may be confounding. To therefore initially test efficacy and feasibility of 
ParticiPAte CP, only children classified at GMFCS levels I-III will be included. 
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Chapter 3. Study design and methods 
 
3.1. Introduction to Chapter 3 
The systematic review in Chapter 2 presented level I scientific evidence that physical 
training alone is not sufficient to improve PA participation and/or HPA in children with CP. 
It also identified the contents of interventions that had the best potential to improve 
participation and/or HPA (interventions underpinned by theories of human 
behaviour/motivation, including multiple strategies targeting modifiable barriers to 
participation, individualized to the child, their family, context and environment).  
 
This chapter consists of the published paper entitled “ParticiPAte CP: a protocol of a 
randomized waitlist controlled trial of a motivational and behaviour change therapy 
intervention to increase PA through meaningful participation in children with cerebral 
palsy”. This paper contains comprehensive background information, study aims and 
hypotheses, methods, ethics and dissemination for the ParticiPAte CP trial addressing 
aims 2 and 3 of the doctoral program. The design of the intervention and trial methodology 
was developed in response to the findings of the systematic review placed in context with 
the broader literature. 
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Author Sarah E Reedman (Candidate) Conception and design (60%) 
Analysis and interpretation (70%) 
Drafting and production (60%) 
Author Roslyn N Boyd Conception and design (15%) 
Analysis and interpretation (10%) 
Drafting and production (10%) 
Author Catherine Elliott Conception and design (5%) 
Analysis and interpretation (5%) 
Drafting and production (5%) 
Author Leanne Sakzewski Conception and design (20%) 
Analysis and interpretation (15%) 
Drafting and production (25%) 
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This paper was published in BMJ Open in print on August 1 2017 (2016 impact factor: 
2.369). Selected extracts of the clinical trial protocol have been presented within an 
instructional course at the 71st Annual Meeting of the American Academy of Cerebral 
Palsy and Developmental Medicine (AACPDM), 13-16 September 2017, Montreal, 
Canada. 
 
3.2. Paper 2: “ParticiPAte CP: a protocol of a randomized waitlist controlled trial 
of a motivational and behaviour change therapy intervention to increase physical 
activity through meaningful participation in children with cerebral palsy” 
 
Authors Sarah E Reedman, Roslyn N Boyd, Catherine Elliott, Leanne Sakzewski 
 
ABSTRACT 
Introduction Children with cerebral palsy (CP) participate in leisure-time physical activities 
(PAs) less often, with less intensity, and reduced diversity than their typically developing 
peers. Participation in leisure-time PAs may be an important source of habitual PA (HPA) 
for children with CP, who as a group have lower levels of HPA and increased sedentary 
time compared to their typically developing peers. The proposed study aims to compare 
the efficacy of a participation focused therapy (ParticiPAte CP) to usual care in a 
pragmatic, randomized waitlist controlled trial. 
Methods and analysis Thirty-six children with CP (18 in each group), classified as Gross 
Motor Function Classification System (GMFCS) Levels I to III, aged between eight and 12 
years will be recruited across South East Queensland, Australia. Children will be 
randomized to receive either ParticiPAte CP or waitlist usual care using concealed 
allocation. ParticiPAte CP is an individually tailored, goal-directed intervention model of 
pragmatic participation-focused therapy utilising a toolbox of evidence-based strategies in 
the treatment of children with CP. This will include goal-setting; identification of barriers 
and facilitators to participation goals, strategy formation and planning, and communication 
guided by principles of Self Determination Theory (SDT) using strategies of Motivational 
Interviewing (MI). The intervention comprises eight weekly sessions of one hour duration 
conducted by a physiotherapist in the child’s home or community. Children will be stratified 
according to GMFCS (I or II versus III) and gender (male versus female) and randomised 
to either ParticiPAte CP or waitlist usual care. Outcomes will be assessed at baseline, 
eight weeks immediately post-intervention (primary outcome) and 16 weeks (retention). 
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The primary outcome is the Canadian Occupational Performance Measure (COPM) and 
secondary outcomes include HPA (Actigraph GT3X+), Cerebral Palsy Quality of Life 
Questionnaire for Children, Child Version (CP QOL-Child), and Participation and 
Environment Measure-Children and Youth (PEM-CY).   
Ethics and dissemination Ethical approval has been obtained from the Children’s Health 
Queensland Hospital and Health Service Human Research Ethics Committee 
(HREC/15/QRCH/162) and The University of Queensland Medical Research Ethics 
Committee (2015001609). The findings will be disseminated in peer-reviewed scholarly 
publications and national and international academic conferences.  
Trial registration number ACTRN12615001064594 
 
Strengths and limitations of this study 
 To our knowledge, this is the first pragmatic randomized controlled trial to evaluate 
the effect of a participation-focused physiotherapy intervention on PA participation 
in children with CP in an adequately powered study. 
 The study is designed to detect whether improvement in child perceived leisure-
time PA participation goal performance and satisfaction will translate into increased 
levels of HPA as measured by tri-axial accelerometry. 
 Inclusion of instruments measuring process-related outcomes including child 
motivational orientation for PA, behavioural barriers to PA participation, and 
parental autonomy-supportiveness will enable examination of the hypothesized 
mechanism of action. 
 
Limitations 
 Individualised intervention parameters may introduce challenges in replication of the 
study. 
 Exclusion of an objective activity capacity measure limits the ability to examine the 
effect of increased activity capacity on PA goal attainment. 
 
INTRODUCTION 
Cerebral Palsy (CP) is an umbrella term for a group of disorders of the development of 
movement and posture attributed to non-progressive disturbances to the developing brain 
in the perinatal period1. Motor impairments may be accompanied by secondary 
musculoskeletal complications and disturbances of sensation, cognition, perception, or 
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behaviour1. Children with CP experience limitations in their performance of day to day 
activities and restrictions to their participation in home, school and community life.  
 
The World Health Organisation’s International Classification of Functioning, Disability and 
Health Children and Youth Version (ICF-CY) defines participation as “involvement in a life 
situation” (p. 9)2. This definition has, however, been criticised as conceptually unclear, with 
overlap of the term with other constructs within the ICF-CY (such as activity and 
environment)3-8. Key distinctions between participation and other related constructs have 
been proposed. Participation refers to “performance at the societal level” (p.23) as 
opposed to the individual, and is associated with the fulfilment of social roles3. Participation 
is described as a relational concept that is dependent on context, and may be influenced 
by characteristics of the environment predominantly over characteristics of the individual3. 
 
Children with CP participate in leisure-time PAs less often9, with less intensity10, and with 
reduced diversity than their typically developing peers11. Children and youth with CP and 
physical disabilities also participate in more informal compared to formal (organised and 
structured) PA11,12. A longitudinal study in young children with CP aged 2 to 6 years found 
that activity limitations could predict reduced participation in leisure-time PA13. An 
integrative review of the relationship between motor functioning and leisure participation 
for young children with a physical disability also concluded that sub-optimal motor 
functioning impacts frequency and diversity of participation in PA14. Children with physical 
disabilities, however, preferred to participate in PA over other types of activity irrespective 
of their level of motor functioning14. This evidence suggests that in the presence of 
supports that enable participation in the activity of choice, the individual preferences of a 
child and other psychosocial aspects may be equally important determinants to the extent 
of participation15. 
 
Compared to their typically developing peers, children and youth with CP experience a 
greater number of barriers to participation in leisure-time PA16-19. In a cross-sectional study 
using the PEM-CY parents of children and youth 5-17 years with (n=282) and without 
(n=294) various disabilities reported that environmental factors (e.g. physical access, 
attitudes of others, adequacy of programs and services, availability of equipment) and/or 
personal and intra-personal factors (e.g. lived experience, motivation, peer relations) were 
barriers to participation in addition to activity limitations18. It has been suggested that the 
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interplay of activity limitations and environmental factors is important20, and that the 
environment has a mediating role in explaining the participation of children with 
disabilities21. 
 
Physical activity is defined as any body movement using skeletal muscles that results in 
energy expenditure (varying continuously between low and high levels)22. Habitual PA is 
PA performed during the usual activities of daily living throughout a period of time (day, 
week, etc.) varying through periods of rest, work, and leisure23. Habitual PA may be 
categorized with intensity-related thresholds (called cut points). The categories establish 
the amount of energy expenditure: sedentary (little to no energy expenditure above rest), 
light PA (low levels of energy expenditure), or moderate-to-vigorous PA (MVPA, highest 
levels of energy expenditure)24. Participation in leisure-time PA may be an important 
source of HPA for youth with CP25. A cross-sectional study of 62 children with activity 
monitors in free-living (unrestricted, usual activity at home, school and weekend) 
conditions identified that ambulant children and young people with unilateral and bilateral 
CP aged 7-13 years (GMFCS I-III) were less active on weekend compared to week days25. 
Children who were more physically active on weekends were more likely to participate in 
organised sports25. 
 
The Australian recommendation for PA is 60 minutes of MVPA per day for children aged 5-
12 years26. A study of energy expenditure measured by accelerometry and calibrated to 
basal metabolic rate has been completed in eight ambulant children 7-12 years with 
bilateral CP (GMFCS II-III)27. Compared to age and sex matched typically developing 
controls (a convenience sample of children without disabilities), in free-living conditions, 
children with CP had lower levels of HPA by, on average, 2,092 kJ per day27. In a recent 
cross-sectional study of 102 ambulant youth with mild to moderate unilateral CP (GMFCS 
I-II) aged 8-17 years in Australia, only 25% of participants met the Australian 
recommendation for PA on at least one day of measurement28. Lower levels of HPA and 
increased sedentary time has implications for the health and wellbeing of children with CP 
with respect to factors such as cardiovascular disease risk, bone density, metabolic 
disturbance risk, and obesity29. 
 
The broad nature of participation and the complexity of interactions with personal and 
environmental (contextual) factors leads to challenges in the conceptualisation, 
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development, delivery and measurement of outcomes in participation-focused 
experimental interventions. A model of participation-focused therapy has been proposed 
whereby the intervention is goal-oriented, family-centred, collaborative, strength-based, 
ecological and self-determined20. In participation-based therapy, interventions are carried 
out using a five-step process: (1) develop collaborative relationship with the family and 
child, (2) determine mutually agreed-upon goals for participation, (3) assess child, family 
and environment strengths and what needs to occur, (4) develop and implement the 
intervention plan, and (5) evaluate processes and outcomes with child and family20. The 
participation-based therapy model stresses the importance of individuality – optimal 
participation is an individually-defined (and family/culturally influenced) construct and 
therefore individualised outcome measures, such as Goal Attainment Scaling (GAS), may 
offer a more valid means to evaluate the success of a participation intervention20. 
 
A recent systematic review investigating interventions aimed at improving participation 
outcomes for children with disabilities, found that only three out of the seven included 
studies had participation as the primary outcome30. The majority of studies targeted body 
structure and function and activity domains of the ICF-CY, with participation considered a 
secondary outcome.  The systematic review of seven comparison intervention trials in 
children with developmental disabilities 5-18 years concluded that interventions such as 
strength training and activity based exercise programs had minimal impact on participation 
outcomes, while individually tailored programs incorporating coaching, mentoring and 
education achieved favourable results on discrete aspects of participation30. A second 
systematic review evaluated PA and behaviour change interventions aimed to increase 
participation in active physical recreation and HPA in children and youth with CP aged 5-
18 years31. Included interventions predominantly utilized strategies (such as skills practice) 
targeting body structure and function and activity domains of the ICF-CY, assuming there 
would be secondary improvements in participation frequency and/or HPA31. Results did 
not support this assumption; there were no clinically meaningful effects of therapy and 
behaviour change interventions on HPA and leisure-time PA participation frequency and 
intensity31. Additionally, only two of the eight studies incorporated mutually agreed upon 
goals for participation32,33, in line with the model of participation-based therapy20. The 
review highlighted that PA is a complex health behaviour, and the majority of interventions 
tested were not underpinned by theories of human behaviour and motivation31. 
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Self-Determination Theory is an influential theory explaining a variety of phenomena 
associated with human motivation34,35. Basic Psychological Needs Theory describes three 
basic psychological needs associated with motivation; (i) autonomy (being the initiator and 
regulator of one’s actions), (ii) competence (feelings of self-efficacy and the capacity to 
produce behaviour that achieves desired outcomes), and (iii) relatedness (the feeling of 
being connected to others and experience of meaningful reciprocal relationships)34. 
According to SDT, internally generated (intrinsic) motivation for sustaining behaviour is 
promoted through the fulfilment of these needs36. An autonomy-supportive climate is one 
whereby a person’s autonomy is fostered and respected, fuelling intrinsic motivation. The 
opposite, a controlling climate, pressures people to behave in certain ways and 
undermines intrinsic motivation.36 Intrinsic motivation is often identified as a strong 
correlate or predictor of maintenance of healthy PA behaviours37. Interventions to increase 
leisure-time PA participation or levels of HPA in typically developing children that are 
based on SDT have demonstrated positive outcomes37-39. A systematic review of 66 
empirical studies that have measured SDT related constructs with respect to exercise and 
PA behaviours, found that overall there is good evidence to support the use of SDT in 
explaining exercise and PA behaviour across a wide variety of contexts in both ‘healthy’ 
and clinical populations40. One behavioural intervention approach that is aligned with SDT 
is MI, a clinical ‘brief intervention’ counselling technique36. 
 
Motivational Interviewing has been used to promote PA behaviours in people with chronic 
health conditions41. Motivational Interviewing is a style of communication that is practical to 
implement in health care settings and in the community42. A systematic review and meta-
analysis identified 37 MI interventions conducted in paediatric populations with health 
behaviours as the target outcome (such as management of obesity, asthma, dental health, 
or sleep)43. Based on effect size calculations (Hedge’s g thresholds; small<0.2, 
medium<0.5, large>0.8), there were small, significant effects on both physical (g=0.18, 
95% CI 0.17, 0.20) and psychosocial (g=0.22, 95% CI 0.19, 0.25) outcomes. Interventions 
delivered to the parent and child as a dyad were shown to be more effective in achieving 
health-related outcomes than interventions delivered to parent or child separately43. The 
essential elements of MI are communication techniques which promote ‘Partnership’, 
‘Compassion’, ‘Evocation’, and ‘Acceptance’ within and between the patient and 
practitioner44.  These communication techniques can be used by therapists seeking to 
promote an autonomy-supportive climate and work towards modifying PA and health 
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behaviours45. Four fundamental processes of MI evolve from building a relational 
foundation (‘Engaging’), to communicating with the client in a guiding fashion with a 
direction or goal in mind (‘Focusing’, ‘Evoking’), and finally discussing strategies or actions 
(‘Planning’)44. These processes align with participation-based therapy20. 
 
Behaviour changing interventions including MI typically have complex mechanisms of 
action, involving multiple interconnected elements46. The Theoretical Domains Framework 
(TDF) is an integrative framework of behaviour change theories comprising 14 
domains47,48. The TDF can be a useful means of categorizing barriers and facilitators to 
behavioural change and behaviour changing strategies and processes within 
interventions47-49. The TDF can be used in multiple ways to apply a theoretical lens to 
behaviour change, including as the basis for qualitative interviews, process examination 
and quantitative questionnaires50,51. The TDF has been commonly used in implementation 
science fields, though has a broader application that may help explain the clinical trial 
outcomes of behaviour changing therapies51. 
 
An individually-tailored and goal-directed therapy intervention incorporating elements of MI 
may be effective in improving leisure-time PA participation in children with CP. This 
intervention would identify and target child and family-specific barriers and facilitators 
(across all domains of the ICF-CY and TDF) to individually defined participation goals. The 
intervention would create an autonomy-supportive environment to foster intrinsic 
motivation for sustainable participation in PAs, through fulfilment of basic psychological 
needs. It is important to test participation-focused therapy in a randomized trial to 
determine the effect on participation outcomes. ParticiPAte CP is an individualised, goal-
directed, family-centred, ecological, participation-based and motivational physiotherapy 
intervention. Our proposed pragmatic, randomized, waitlist controlled trial seeks to 
determine if ParticiPAte CP can result in increased leisure-time PA participation goal 
performance, translating into increased HPA, compared to usual care in children with CP 
aged 8-12 years. 
 
METHODS  
Aims and hypotheses 
The main aim of the proposed study is to determine if eight hours of an individualised 
ParticiPAte CP program can increase child and parent perceived performance of and 
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satisfaction with participation in three to five self-identified leisure-time PA participation 
goals, compared to usual care. The intervention will be tested in a randomized waitlist 
controlled trial in children with CP (GMFCS I-III, all motor types) aged 8-12 years (with 
their primary caregiver). Secondarily, the intervention aims to reduce the impact of 
contextual (personal and environmental) barriers to child participation in active community 
recreation, sports and leisure pursuits, improve objectively measured PA health behaviour 
(increase levels of HPA and reduce levels of sedentary behaviour), and improve child-
reported, condition-specific quality of life (QOL). 
 
The primary hypothesis to be tested is: 
1. In a randomised waitlist controlled trial for children with CP (aged 8-12 years) and 
their parent/caregiver, ParticiPAte CP will be more effective than a waitlist control 
group receiving usual care to improve perceived performance and satisfaction with 
leisure-time PA participation goals by a mean difference of two points on the 
COPM52. 
 
Secondary hypotheses 
ParticiPAte CP will be more effective than a waitlist usual care control group at improving: 
1. Habitual PA (increased minutes per day spent in MPVA, decreased sedentary time 
as a ratio of MVPA, and greater proportion of participants achieving 60 minutes of 
MVPA per day) as measured with body-worn tri-axial accelerometry.  
2. Parent-reported contextual barriers to participation (increased total point score and 
domain averages on TDF-based questionnaire50,53 on a questionnaire designed for 
the current study, Barriers to Participation in Physical Activities Questionnaire – 
BPPA-Q). 
3. Child-reported condition-specific QOL (increased mean participation and physical 
health, and emotional well-being and self-esteem domain scores, CP QOL-Child54). 
4. Parent-reported child participation frequency and involvement in the community 
setting (PEM-CY55). 
 
Secondary analyses will explore potential predictors of increased participation goal 
performance and satisfaction for pooled data from intervention and waitlist groups 
following completion of ParticiPAte CP. It is hypothesized that the following will predict the 
amount of change in child participation goal performance and satisfaction in both groups 
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following the intervention: 
1. Attainment of incremental, individualized treatment goals during the intervention 
measured by Goal Attainment Scaling (GAS)56. Goals will align with identified 
barriers to participation across body structure and function, activity, personal and 
environmental domains of the ICF-CY and/or behavioural domains of the TDF. 
2. Higher parental autonomy-supportiveness, parent-report (Problems in Schools 
Questionnaire – PISQ)57. 
3. Higher child intrinsic motivation for PA, child-report (Motives for Physical Activities 
Measure Revised – MPAM-R)58. 
4. Autonomy-supportive climate for PAs, child-report (Physical Activity Climate 
Questionnaire – PACQ)59. 
5. Readiness for change in PA behaviour, parent-report (Stage of Behaviour 
Change)60. 
 
Ethics 
Full ethical approval has been obtained from the Children’s Health Queensland Hospital 
and Health Service Human Research Ethics Committee (HREC/15/QRCH/162) and The 
University of Queensland Medical Research Ethics Committee (2015001609). Full written 
and informed consent will be obtained from legal parents/guardians of all participants, and 
assent from participants aged 12 years old, by the study coordinator prior to entering the 
trial. Important protocol amendments will be communicated with the ethics committees and 
updated on the trial registry. The ParticiPAte CP clinical trial has been prospectively 
registered with the Australian and New Zealand Clinical Trials Registry 
(ACTRN12615001064594).  
 
Study sample and recruitment 
Children with CP aged 8-12 years will be recruited across South East Queensland, 
Australia. Potential study participants will be identified through a population-based 
research database at the Queensland Cerebral Palsy and Rehabilitation Research Centre 
(QCPRRC), and the Queensland Paediatric Rehabilitation Service at the Lady Cilento 
Children’s Hospital, South Brisbane, Australia. A facebook page will be created to host the 
recruitment flyer for advertisement online. 
 
Inclusion and exclusion criteria 
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Child participants 
Children with a confirmed diagnosis of CP from a paediatric rehabilitation specialist or child 
neurologist meeting the following criteria will be included: (1) GMFCS I to III; (2) aged 
between 8y 0m and 12y 11m at baseline; and (3) live within a 200km radius of South 
Brisbane, Australia as the intervention will be delivered in the child’s community. Children 
will be excluded if they; (1) have limited ability to communicate insight into a preferred 
future (needs, wants and desires) in spoken English and/or through an interpreter or 
augmentative and alternative communication (i.e. Communication Function Classification 
System (CFCS) levels IV-V and/or children with moderate to severe intellectual disability 
as defined by ICD-10 as IQ<5061); (2) have uncontrolled epilepsy (as this may impact on 
safety to engage in certain PA); (3) have a severe visual impairment or blindness (defined 
as 6/60 or lower vision, when appropriately corrected, in the better eye, or in the written 
opinion of an ophthalmologist the cortical visual impairment, visual field loss and/or other 
deficits result in a combined approximate acuity of 6/60 or lower); (4) have severe asthma 
exacerbated by exercise that is not controlled with medications under an asthma 
management plan; and/or (5) have orthopaedic and/or neurological surgery six months 
prior to and/or planned during the entire study period including follow-up assessments. 
When eligibility for inclusion is unclear, permission will be sought from parents/caregivers 
to contact the child’s treating therapists and/or doctors to determine eligibility. It is 
expected that approximately 25-30% of eligible participants will be recruited (see Figure 
3a). 
 
Parent/caregiver participants 
Each included child’s primary caregiver (one person who has a long-term parenting role 
including a biological parent, step parent, adoptive parent or foster parent and has at least 
30% of caregiving responsibilities) will also be a participant. Primary caregivers must 
consent to the therapist travelling to their place of residence or a place convenient to them 
(for example, outside school hours care centre) to deliver the intervention. Caregivers 
must be able to communicate their wants, needs, and thoughts about the future in spoken 
English. Caregivers will be excluded if they: (1) have a diagnosed moderate to severe 
intellectual disability or significant communication impairment (self-reported). 
 
Sample size 
The sample size calculation is based on adequate power for comparison between 
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ParticiPAte CP and usual care on COPM goal performance at the primary endpoint (T1, 8 
weeks, immediately post intervention, Fig. 1). A change score difference of 2 points on the 
COPM-performance subscale would be clinically meaningful52. A previous pilot study 
utilising the COPM as an outcome measure for activity and participation goal attainment in 
six children and youth with physical disabilities yielded standard deviations between 1.4 
and 1.7 for COPM-performance33. Based on a conservative estimate using a mean change 
of two points (STATA 13.1, power 0.8, two-tailed, p<0.05), we require 22 parent-child 
dyads (11 per group). Allowing for 20% drop out and missing data on accelerometry, a 
total of 36 parent-child dyads (18 per group) will be recruited. This study has been 
powered to detect a difference on the primary outcome of interest. Effects on secondary 
outcomes are not able to be accurately estimated due to limited previous evidence, and 
the results of this trial will assist in power calculations for future studies. 
 
Randomisation 
Parent-child dyads will be recruited in cohorts of six to 12 prior to baseline assessment. 
When a cohort is filled, further prospective participants will be directed to wait for the next 
cohort. The allocation sequence will be determined by computer generated random 
numbers in blocks of four, stratified into one of four groups based on GMFCS (I or II vs. III) 
and gender (male vs. female). These factors were chosen for stratification as they are 
associated with participation and PA outcomes in the study population62. Participants will 
be allocated to either immediate treatment or waitlist control. The randomization process is 
as follows: (i) the child’s name, the position at which they had been recruited into the 
study, and their strata (e.g. participant name, 13, GMFCS III, female) will be written on the 
front of an opaque envelope and given to a non-study personnel (who has access to the 
randomization sequence that is hidden from the investigators); (ii) the non-study personnel 
will identify the next available allocation (immediate treatment/waitlist) within the child’s 
strata, cross it off so that it may not be allocated again, then place a folded piece of paper 
stating the child’s allocation into the envelope and seal it; (iii) the child’s envelope is 
opened in front of the parent-child dyad after completion of baseline outcome measures, 
except 7-day HPA monitoring. This is because instruction of accelerometer wear had to be 
completed in person for the first instance, and it will not be feasible to conduct two 
baseline assessments (one for all outcome measures and a further to collect the 
accelerometer and reveal the allocation). 
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Blinding 
As per allocation procedure, allocation will be blinded to both the treating/assessing 
therapist and participating parent-child dyads until completion of baseline (T0) COPM goal-
setting and questionnaire-based outcome measures. Parent-child dyads will be aware of 
their group allocation during HPA monitoring at baseline, as this will occur in the seven 
days immediately following the baseline goal-setting. This is due to pragmatic reasons as it 
will not be feasible to complete two baseline assessments. Additionally, as participants are 
aware that their physical behaviour is being monitored by the nature of wearing an 
accelerometer, this bias cannot be eliminated by blinding. The treating/assessing therapist 
and parent-child dyads will be aware of group allocation during the remaining study time 
points. As this is a pragmatic study, the COPM is being completed as it would be in a 
clinical scenario (set and scored by the treating therapist). The COPM and GAS goals are 
however being assessed by a blinded rater against criteria for goal content, scaling and 
technical proficiency (see Goal Attainment Scaling). Questionnaire-based outcomes will be 
completed by the child and parent/caregiver directly onto Qualtrics (an online survey 
platform). Where participating children require assistance to read questions or operate the 
computer, they will be requested to seek the help of a trusted adult not involved in the 
study (e.g. other family member or teacher) to avoid introducing bias. The survey 
responses are not able to be modified by the researcher.  
 
Adverse events and safety 
Any minor (e.g. delayed-onset muscle soreness requiring ice or rest, injuries not requiring 
medical attention, psychological distress) or major (e.g. injuries requiring medical 
attention) adverse event associated with ParticiPAte CP will be screened on a weekly 
basis by the treating therapist by verbal questioning and recorded. Minor or major adverse 
events will be reported to senior study personnel RB and LS, and referred to the ethics 
committees if of a serious nature. No data monitoring committee has been implemented as 
the study is not a drug trial. The treating therapist will be trained in first aid and 
cardiopulmonary resuscitation. Swimming activities will be completed with direct 
parent/caregiver supervision. Risk assessments with mitigation strategies will be 
completed prior to participation in activities considered to be high-risk by mutual 
agreement between therapist and parent/caregiver (e.g. activities in open water, contact 
sports). Prior to baseline assessment, parents/caregivers will complete a PA readiness 
questionnaire to record their child’s medical conditions and medication regime relevant to 
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leisure-time PA participation. Any decision to describe interim results, stop or terminate the 
trial will be made by the investigators with oversight from the ethics committees where 
necessary. 
 
Study procedure 
The efficacy of ParticiPAte CP will be tested using a waitlist randomized controlled trial 
conducted according to CONSORT guidelines (see Figure 3a)63. A waitlist design allows 
for comparison against usual standard of care, without disadvantaging the control group by 
prevention of access to a potentially effective treatment. Approximately six cohorts of 6-12 
participants will be recruited from December 2015 and commenced between April 2016 
and April 2017. It is aimed to run cohorts consecutively over the study period to reduce 
bias introduced by the seasonal nature of many available community PA programs. All 
parent-child dyads will attend QCPRRC at the Centre for Children’s Health Research in 
South Brisbane for baseline assessments including COPM goal-setting (T0, 0 weeks) prior 
to randomization to either: 
1. Immediate treatment group – parent-child dyads begin to receive ParticiPAte CP 
immediately. Children continue to receive usual care (including physiotherapy, 
occupational therapy, speech and language therapy, behavioural 
counselling/psychology, exercise physiology, intramuscular Botulinum Toxin-A 
injections and/or serial casting) throughout study involvement. Outcomes will be 
assessed immediately post intervention (T1, 8 weeks) and at retention (T2, 16 
weeks), then dyads will exit the study. 
2. Waitlist usual care group – children receive usual care throughout study 
involvement. Outcomes will be assessed immediately post intervention (T1, 8 
weeks) and at retention (T2, 16 weeks). Parent-child dyads will then receive 
ParticiPAte CP from T2, and outcomes are collected again at end waitlist (T3, 24 
weeks) before dyads exit the study. It is important to recognize that goal-setting can 
have behaviour-changing intervention effects64, and therefore it will be included in 
the description of interventions received by the waitlist control group.  
 
[Insert Figure 3a ParticiPAte CP Study flow diagram (CONSORT flowchart) of intervention 
and outcome measures, protocol] 
 
ParticiPAte CP intervention 
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The ParticiPAte CP intervention consists of eight sessions of 60 minutes duration each, 
spread over eight weeks (generally one session per week). The first and last sessions will 
be focussed on COPM goal-setting and goal-scoring respectively. Make-up sessions will 
be scheduled within one week if participants and/or the physiotherapist need to cancel a 
scheduled session. The location of the middle six sessions is expected to be at the child’s 
home, with community (e.g. park, swimming pool, basketball court) and/or school visits 
dependent on the specific participation goals identified by the child and their 
parent/caregiver. The child with CP and their primary caregiver are the primary targets of 
the intervention, however other family members may be involved to varying extents (e.g. 
by being present at sessions, completing activities, and/or participating in discussions), 
depending on both the goals and the broader family/community context. ParticiPAte CP 
will be: 
 Family-centred: Both the child and their primary caregiver will be equal and active 
participants in the intervention with the caregivers recognized as the people who 
know their child best. Siblings and other family members will be involved as 
appropriate65. 
 Ecological: The intervention will be conducted primarily in the participant’s home 
and community setting, with respect to the lifestyle, cultural practices, and priorities 
of the family66. 
 Goal-directed: Clinical reasoning and treatment choices will be driven by 
participation goals, and all strategy planning and outcome measurement will be 
linked to these goals20. 
 Collaborative: COPM participation goals will be set, and strategies for goal 
attainment will be planned, together between the therapist and family. 
Responsibilities for actions will be shared. The therapist will take a guiding role44, 
providing a framework whilst facilitating family ownership and problem solving20. 
 Context-focused: The participation goal itself will be recognized as occurring within 
a context (setting that includes people, place, activity, objects, and time)67. 
 Individualized: Within the boundaries of the main elements (Table IIIa), the selection 
of evidence-based treatment modalities and the proportion at which these are used 
will be shaped directly by the unique goals, barriers, and facilitators identified by 
each individual participant.  
 Multi-modal: Intervention elements will be chosen to target modifiable barriers, 
potentially across all ICF-CY and TDF domains. Barriers identified in the impairment 
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and activity limitation domains of the ICF-CY will only be addressed insofar as they 
are relevant to individualized participation goals. 
 Behaviour-oriented: Participation in leisure-time PA will be recognized as a health 
behaviour. The family’s readiness for PA behaviour change and behavioural 
barriers across multiple domains of the TDF will be used to guide the intervention 
pathway. 
 Self-determined: The overarching intervention framework will recognize the 
importance of child and family self-determination for leisure participation68,69. 
 
The intervention is influenced by models of participation-focused therapy including 
Solution-Focused Coaching70 and participation-based therapy20. The dosage for 
ParticiPAte CP has been chosen to strike a balance between efficacy of intervention 
components and feasibility. An average of four sessions of MI have been demonstrated to 
have effects on health-related behaviours in a paediatric population43. It is possible that 
some identified barriers to PA participation may not be overcome in eight weeks (e.g. 
complex equipment prescription and funding). The main elements, examples of 
intervention content and strategies, and aims for each weekly session are summarised in 
Table IIIa. 
 
[Insert Table IIIa ParticiPAte CP intervention elements, aims and strategies, tabulated by 
intervention week] 
 
Tailoring 
The ParticiPAte CP intervention will be highly tailored to each individual family. Without a 
standardized intervention (e.g. strength training with definable characteristics such as 
repetitions and exercise technique), ParticiPAte CP represents a departure from existing 
interventions tested in randomized controlled trials31. ParticiPAte CP is instead a model of 
pragmatic participation-focused therapy utilising a toolbox of evidence-based strategies in 
the individualized treatment of children with CP. At the minimum, all participants will 
receive some combination of: 
 Goal-setting and goal-scoring of participation-focused goals; 
 Strategy formation and planning; 
 Communications guided by principles of Self Determination Theory using strategies 
of MI; 
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 Child-focused strategies (e.g. practice of activities/skills using a goal directed motor 
learning approach); 
 Context/environment-focused strategies (e.g. referral to funding sources for 
equipment, coaching of community members, site visits). 
 
A key feature of ParticiPAte CP is the use of clinical decision making based on key factors 
which likely differ significantly between participating parent-child dyads. These key factors 
include the (i) choice of participation goals, (ii) barriers and facilitators to leisure-time PA 
participation, (iii) child-family-environment-activity-participation interactions, and (iv) stage 
of parent-child dyad PA behaviour change. Examples of potential tailoring include: 
 Motivational interviewing strategies used earlier and to a greater extent with dyads 
who have not yet started thinking about participating in more PA; 
 Equipment prescription or loan utilised where access to appropriate equipment is an 
identified barrier to participation (e.g. the child requires access to a tricycle to 
participate in recreational cycling); 
 Cognitive-orientation approaches to motor learning and skill performance used with 
child participants with high motivation to attain a specific skill and adequate problem 
solving and intellectual capacity, and where the lack of skill is a barrier to internally 
motivated, self-determined participation; 
 Solution-focused problem solving used more frequently where behavioural 
strategies such as action planning, scheduling and monitoring may be appropriate 
solutions for beginning and maintaining participation (e.g. a parent would like to 
identify solutions to a perceived lack of time to facilitate running at the park once per 
week). 
Intervention strategies and clinical reasoning to support choice of strategies will be 
recorded for every participant using a standardized tool (Appendix 5). 
 
Usual care waitlist control 
Usual care is highly variable for children with CP and can range from weekly clinic-based 
therapy sessions to school-based consultative services provided on a monthly, quarterly or 
yearly basis. It is anticipated that the majority of children in this study will not receive direct 
therapy services for the duration of the study.  In order to understand the variability in 
usual care received, all families in both groups will complete a usual care diary for the 
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duration of their involvement (Appendix 6). This diary will record the frequency and 
duration of physiotherapy, occupational therapy, speech and language therapy, 
behavioural counselling, and exercise physiology. Carers will report location and dates of 
intramuscular Botulinum Toxin-A injections and/or serial casting. Contact details for the 
child’s usual care therapists will be recorded by parents on an optional basis. The 
therapists will then be contacted to ascertain the content of usual care therapy sessions 
(e.g. goal-directed training, constraint-induced movement therapy etc.) and this will be 
recorded. It will be important to describe the content and parameters of usual care control 
groups in as much detail as possible71. 
 
Training and fidelity 
The physiotherapist delivering the intervention will have an undergraduate degree in 
physiotherapy accredited by the Australian Health Practitioner Regulation Agency and will 
be a registered practitioner under that scheme. The physiotherapist will have at least two 
years of post-graduate work experience in participation-focused paediatric physiotherapy 
within a community setting. The physiotherapist will have formal training in MI consisting of 
two days of post-graduate intermediate level theoretical and practical training. The 
physiotherapist will be aware of funding programs and supports available for children and 
families in South-East Queensland that help to enable participation in active community 
recreation, sports and leisure. To enable adequate exploration and reporting of the 
intervention content and model, the following steps will be taken; 
1. Where consent is provided by trial participants, all intervention sessions will be 
filmed and recorded. Exceptions will be when sessions occur in a setting where 
children or other people are present that have not provided consent to be filmed. 
2. Standardised forms and worksheets will be used for the identification and 
exploration of barriers and facilitators, documentation of goals, strategy planning 
and reporting back to participants. 
 
It will not be possible to assess fidelity of individual intervention components (e.g. cognitive 
orientation approaches to motor learning) due to varied application across the cohort. 
Instead, video recordings and treatment documentation will be reviewed by a panel of 
therapists with significant experience in creating, assessing and/or delivering models of 
participation-focused therapy and behaviour changing interventions. The Behaviour 
Change Taxonomy (BCT v1.0)49 coding framework will be used to categorise behaviour 
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change elements and link to potential mechanisms of action (using the TDF domains) by 
at least two independent reviewers on a random sample of video recordings. This will 
enable specification of mediators of behaviour change as a result of ParticiPAte CP.  
 
Participant and data management 
Electronic data will be managed through a secure database managed by the University of 
Queensland. Participants will be allocated a 4-digit participant identification code 
generated by a random number sequence, which will be used to de-identify participant 
files and forms. Paper documents will be de-identified and stored in a locked filing cabinet 
at QCPRRC, separate from demographic information and consent forms. Classification 
measures, child and family demographic and related information will be taken prior to 
baseline for the purposes of stratification and description of the sample. 
 
Classification measures 
Gross Motor Function Classification System – Expanded and Revised 
The GMFCS is a 5-level system to classify children with CP aged 4-18 years into 
categories of gross motor ability. The GMFCS is age specific (there are different 
classification descriptors depending on the age of the child); the 6-12 year and 12-18 year 
age bands will be used in the present study72. It is valid and reliable and frequently used to 
classify functional abilities of children with CP both clinically and in research applications72. 
The GMFCS level has been shown to predict participation in PAs in Australian children 
with CP73. 
 
Manual Ability Classification System (MACS) 
The Manual Ability Classification System (MACS) is a valid and reliable 5-level system to 
classify children with CP into categories of age-specific manual skills ability (hand use)74. 
The MACS level is a significant predictor of participation in PAs73. 
 
Communication Function Classification System (CFCS) 
The CFCS is a 5-level system to classify children with CP into categories based on their 
typical ability to send and receive communicative messages (considering all ways in which 
the child communicates, including Augmentative and Alternative Communication). It has 
been validated in children with CP aged 2-18 years with moderate inter-rater (κ=0.66), fair 
parent-professional (κ=0.49) and strong test-retest (κ=0.82) reliability75. 
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Parents will rate their child’s GMFCS, MACS, and CFCS levels for the purposes of 
screening and this will be confirmed (or re-classified if necessary) by the treating 
physiotherapist. 
 
Family Background Questionnaire 
The family background questionnaire is a parent-report questionnaire designed for the 
study to collect information about child and family factors and demographic variables such 
as child age, school type, family income level, family structure, and parental education. 
Parents will report whether their child has any comorbid conditions including Autism 
Spectrum Disorder, Attention Deficit Hyperactivity Disorder and Intellectual Disability. A 
measure of socio-economic advantage will be calculated based on postcode using the 
Socio-economic Index for Areas (SEIFA) Index of Relative Socio-economic Advantage and 
Disadvantage (IRSAD) 201176. These factors may influence participation in youth with 
disabilities19. Parents will be asked what PAs their child regularly participates in across 
home, school and community settings. The family background questionnaire will identify 
any children who may have difficulty engaging in PA for safety reasons and confirm the 
other eligibility criteria for the study. Identified children will be excluded from participating 
(e.g. the child has uncontrolled epilepsy) or provided with appropriate supports (e.g. child’s 
asthma medication readily available).  
 
Primary outcome 
Canadian Occupational Performance Measure (COPM) 
The COPM is a semi-structured interview-based outcome measure that captures child and 
family self-perception of performance of and satisfaction with occupational performance 
goals52. Participants will be encouraged to set between three and five active community 
recreation, sports or leisure goals (the full assessment includes other goal areas related to 
self-care and productivity which will not be used in this study). Goal performance and 
satisfaction are both rated from 1 (lowest) to 10 (highest)52. The viewpoint, interests and 
preferences of the child will be taken into account in the primary instance. Where the 
child’s perception differs significantly from that of their parent/caregiver, this will be 
discussed and negotiated at the time of setting or scoring goals. 
 
Participants will also rate goal confidence on the same scale. This adjunct measure called 
the Belief in Goal Self-competence Scale (BiGSS) captures the child and family 
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confidence that they could address the identified goals and reach their expected level of 
performance77. This measure has not yet been validated and is being used for descriptive 
purposes.  
 
To ensure that goals reflect the participation construct and not the activity domain of the 
ICF-CY, the Family of Participation-related Constructs (fPRC, Figure 1b, Chapter 1 Page 
2) will be used guide development of goals67. The fPRC describes two essential elements 
of participation. The first is attendance, which can be measured as frequency of attending 
and/or the diversity (or range), of activities the person does. The second is involvement 
which reflects the experience of participation and might include aspects of engagement, 
motivation, persistence, and social connection67. For example, goals that measure 
frequency of attendance include “Play a game with the local soccer team, once per week” 
and “Ride my tricycle at the park with friends, twice a week”. A goal to measure 
participation involvement might be “play all roles (catching, bowling, batting) in the weekly 
cricket game.” At the time of goal-setting, participants will be encouraged to re-frame goals 
not meeting the definition of participation frequency or involvement.  
 
Secondary Outcomes 
Habitual Physical Activity (Actigraph GT3X+) 
Habitual PA will be measured using tri-axial accelerometry with ActiGraph® GT3X+ devices 
(ActiGraph Corp, Pensacola, Florida, USA). The device samples the magnitude of 
acceleration in three planes at a set frequency (typically 30Hz). The raw data is rectified by 
proprietary software to activity counts, which are proportionate to the HPA of the wearer78. 
Accelerometry has good concurrent validity with oxygen consumption (VO2) for PA 
intensity in youth with CP GMFCS I-III79. Monitoring of HPA with ActiGraphs over 
consecutive days (in free-living conditions) has demonstrated good to excellent reliability in 
Australian children with CP (6 days of monitoring to achieve ICC 0.8 in children)80. Cut-
points published for typically developing children have been used to classify PA in children 
and adolescents with CP GMFCS I-III81. These cut-points may, however, have the 
potential to misclassify PA for youth with CP, especially those with GMFCS II and III24. 
Activity counts will therefore be transformed via the best available GMFCS-specific cut-
points available at the time of analysis, to time spent in sedentary behaviour, light PA and 
MVPA. Daily, week-day, week-end and weekly averages of duration of PA intensities will 
be reported. Days of wear and wear duration, step counts, and raw activity counts will also 
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be reported. Vertical axis counts will be used for processing. 
 
At each timepoint, ActiGraph units will be worn by the child for seven days (5 week days 
and 2 weekend days) during waking hours whilst they perform usual activities of daily 
living in their home, school and community environments. Units will be returned via 
registered post after day seven for data extraction and analysis. Caregivers will complete 
an activity diary so that occasion and duration of wear can be validated against captured 
data. Recordings of a minimum of four days80, and with greater than four hours per day of 
wear will be retained for data analysis. ActiGraphs will be worn on an elastic belt situated 
above the iliac spines, with the unit on the right side (although non-compliance with side of 
wear does not invalidate results)79. ActiGraph units are not able to be worn during water-
based activities including swimming. Parents/caregivers will record daily wear time and 
what activities, including swimming, the child undertook when the unit was not being worn 
(Appendix 7 log sample page). A neoprene sleeve will be offered to cover the unit if the 
child finds the unit to be uncomfortable against the skin.  
 
Barriers to Participation in Physical Activities Questionnaire (BPPA-Q) 
The BPPA-Q is a 60-item parent report measure of determinants (barriers and facilitators) 
to PA behaviour change (Appendix 8). The questionnaire was developed by the authors 
SR and LS, and is based on the Determinants of Implementation Behaviour Questionnaire 
(DIBQ)50. The DIBQ demonstrated good construct validity, high internal consistency and 
discriminant validity in a sample of physical therapists in the setting of an implementation 
behaviour intervention50. 
 
On the BPPA-Q parents respond to statements such as “I am confident that my child can 
do enough physical activity to be healthy” on a 7-point likert-type scale (1=strongly 
disagree to 7=strongly agree). Some statements are worded in the negative, and the scale 
is reversed for scoring. A lower score indicates more parent-reported barriers to PA 
behaviour change. All 14 TDF domains are represented in the BPPA-Q (1-10 statements 
per domain). The BPPA-Q will detect the presence of barriers and facilitators to behaviour 
change and will enable categorization of those barriers and facilitators based on 
established theories of behaviour change. Questionnaire responses will be used as 
evidence to support the selection of behaviour change strategies in the intervention, and to 
detect changes following implementation of such strategies. 
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Cerebral Palsy Quality of Life Questionnaire for Children, Child Version – (CP QOL-Child) 
The CP QOL Child is a 52-item, condition-specific self-report measure of child QOL that is 
specifically developed for measuring QOL in children with CP54. The majority of items have 
the stem “How do you feel about…” with a response scale of 9 points from 1=very 
unhappy to 9=very happy. The domains covered in the child self-report version include 
social wellbeing and acceptance, feelings about functioning, participation and physical 
health, emotional wellbeing and self-esteem, and pain and impact of disability54. It has 
good concurrent validity, internal consistency (Cronbach’s alpha 0.80-0.90) and test-retest 
reliability for children 9 years of age and over54. Significant discordance exists between 
child and parent proxy reports in many health-related QOL instruments and the child 
perspective will be sought in the present study82. The CP QOL will therefore be completed 
by all children, including children aged 8 and children with intellectual disabilities. An adult 
who is not participating in the study as the primary parent/caregiver will read the 
questionnaire alongside the child, and clarify the meaning of the questions and response 
scale if necessary.  
 
Participation and Environment Measure – Children and Youth (PEM-CY) 
The PEM-CY is a parent-report measure designed to evaluate the participation of children 
with disabilities across three contexts; home, school, and community55. For each of 10 
items in the home and community settings, and 5 items in the school setting, parents 
indicate their child’s frequency of participation (eight options: daily to never) and typical 
involvement whilst participating (five options: very involved to minimally involved). Parents 
indicate whether they desire change in the child’s participation frequency and/or 
involvement (yes or no, five options for the type of change desired). The PEM-CY also 
contains items for parents to rate the extent to which environmental factors, supports and 
resources for each setting are barriers and/or facilitators (13 items for home, 17 for school, 
and 16 for community). Summary scores for participation frequency, involvement, desire 
for change, environmental supportiveness, supports and resources will be calculated for all 
domains. In a sample of parents of children with and without disabilities in North America, 
the PEM-CY demonstrated moderate to good test-retest reliability (≥0.58) and internal 
consistency (≥0.59)55. In a small pilot study of a 12-week environmental intervention to 
increase participation in adolescents with mobility restriction, participation frequency on the 
PEM-CY community domain increased83. 
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Predictors of Change 
Goal Attainment Scaling (GAS) 
GAS is an objective method of quantifying goal attainment56. Goals are scored on a likert-
type scale from -2 (representing no positive change at all from baseline / regression), -1 (a 
little less change than expected), 0 (attainment of goal at the expected level), +1 (a little 
more change than expected), to +2 (attainment of goal at much more than the expected 
level). Goals are personally relevant to the individual family (rather than standardized) with 
the distance between each increment representing a relatively equal amount of effort or 
improvement to achieve56. Three to five GAS goals will be set, each linked to identified 
barriers to the overarching COPM participation goals and therefore specific intervention 
strategies (which align with a component of the fPRC, such as activity competence), not 
the participation outcome itself.. The GAS goals will be set in approximately the second 
week of the intervention, as some change in goal content is expected due to the iterative 
nature of the intervention and the ongoing process of barrier discovery and assessment. 
The waitlist control group will not set GAS goals until they receive the intervention. 
Outcome scores on an individual’s goals will be converted to an aggregate T score 
(regardless of the domain to which the GAS goal is aligned) which will be the unit of 
analysis. 
 
As recommended by Kiresuk, Smith & Cardillo, (1994) a technical proficiency checklist will 
be employed, and a second independent rater familiar with the fPRC (LS, CE) will (i) 
review all COPM goals to determine whether they are measuring a concept of participation 
(attendance, involvement, engagement, and/or preference) and all GAS goals to 
determine whether they are measuring a related construct (activity competence, sense of 
self, context, and/or environment), and are (ii) technically proficient (no overlapping or 
gaps between levels, measurement of only one variable, clarity on how the variable is 
measured/scaled). Goals not meeting these standards will be excluded from analysis. 
 
Problems in Schools Questionnaire (PISQ) 
The PISQ measures the extent to which individuals in a position of authority (i.e. the 
primary caregiver of the child in this study) tend to motivate others in controlling versus 
autonomy-supportive ways57. It consists of a series of eight vignettes describing an 
incident, and then lists four ways in which the adult in the situation might respond to the 
child. Parents rate the appropriateness of each of the four response options for each 
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vignette on a likert-type scale (1=very inappropriate to 7=very appropriate). Each response 
option corresponds to one of four subscales (highly controlling, moderately controlling, 
moderately autonomy-supportive, and highly autonomy supportive). Scores for each 
subscale can be combined by weighted average to determine an overall representation of 
the adult’s orientation towards control or autonomy support with children57. The PISQ has 
good internal consistency (subscale Cronbach’s α=0.63-0.80) and fair test-retest reliability 
(subscale coefficients 0.77-0.82, total score 0.70)57. The PISQ was originally developed for 
use in schools as completed by teachers, however has been used in parenting research84. 
This questionnaire has been shown to predict the change in intrinsic motivation of children 
over a period of time in a classroom taught by an autonomy-supportive versus a controlling 
teacher57.   
 
Motives for Physical Activities Measure (MPAM-R) 
The MPAM-R is a 30-item child self-report measure that measures the extent of intrinsic 
(i.e. interest/enjoyment, competence, social) versus extrinsic (appearance, fitness) types 
of motivation for PAs undertaken by the child (motivational orientation)58. Children respond 
using a 7-point likert-type scale (1=not at all true for me to 7=very true for me) to the stem 
“I like to do (or I want to do) my chosen physical activity or sport…” with different leafs 
corresponding to an intrinsic (e.g. “because it’s fun) or extrinsic (e.g. “because I want to 
improve my body shape”) type of motivation. Motivational orientation has also shown to 
explain changes in PA behaviour following an autonomy-supportive PA intervention in 
healthy adults85. The original validation study for the MPAM-R of attitudes and perceptions 
towards exercise in a sample of young adults (mean age 19.5), demonstrated high internal 
consistency within subscales (Cronbach’s α=0.78-0.92)58. Respondents with greater 
intrinsic motivations (Competence, F=9.02, p<0.01; Enjoyment, F=9.34, p<0.01; Social, 
F=4.01, p<0.05) were more likely to be adherent to their exercise regime58. Motivational 
orientation as measured by a questionnaire based on the MPAM-R has shown 
responsiveness to an autonomy-supportive PA intervention in typically developing school 
children aged 14-16 in England38. The MPAM-R has not been used in children with CP.  
 
Physical Activity Climate Questionnaire (PACQ) 
The PACQ is a 15-item, child-report measure of the perceived motivational ‘climate’ 
created by the caregiver with respect to the child’s participation in PAs59. Children rate 
each statement (e.g. “My parent/caregiver showed confidence in my ability to do well in 
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physical activity”) on a 7-point likert-type scale (1=strongly disagree to 7=strongly agree). 
Higher average scores represent a higher level of child-perceived parental autonomy 
support for PA participation86. A 12-item version of this questionnaire has demonstrated 
discriminant, convergent (with behavioural regulation for exercise) and cross-cultural 
(British and Estonian) validity to assess PA climate in 432 typically developing youth 
(mean age 13.95)59. One study of youth athletes’ perception of their coach including 362 
children aged 11-16 years demonstrated moderately good test-retest reliability for a 6-item 
of the PACQ (α=0.80-0.81)86. The PACQ however has not been used previously in 
children with CP.  
 
Stage of Behaviour Change 
Participants follow a short flowchart consisting of prompts (e.g. “is your child currently 
doing about 60 minutes of moderate-vigorous intensity PA each day?”) to arrive at one of 
five stages of behaviour change specified in the Transtheoretical Model of Behaviour 
Change60: (i) Pre-contemplation, (ii) Contemplation, (iii) Preparation, (iv) Action, or (v) 
Maintenance. According to the Transtheoretical model, individuals have different stages of 
readiness and motivation to change health behaviours, and therefore may respond 
differently to behaviour changing interventions60. Identification of the participants’ baseline 
stage of behaviour change will assist the Physiotherapist to tailor the intervention correctly. 
 
Statistical analysis 
The primary outcome of the intervention will be assessed using generalised estimating 
equations87 for longitudinal analysis to evaluate differences in continuous data at post-
intervention and 8-week follow-up assessments, on an intention-to-treat basis. This 
method takes into account the repeated measures on each participant and the potential for 
missing data. The distributional family will be Gaussian and the identify link will be used. 
For the COPM performance score, the co-variables will be time (3 level – 0, 8, and 16 
weeks), stratification factors (GMFCS, sex), and group (immediate treatment and waitlist), 
with a group*time interaction (which will test for the differences between groups at different 
time points). Further analyses using t-tests will compare outcomes between groups at the 
primary (8 week) and retention (16 weeks) endpoints for the secondary outcome 
measures. A secondary paper will report on post-hoc analyses (two-group comparisons for 
change scores and logistic regression for predictors) to determine the characteristics 
associated with the greatest change in participation outcomes (best responders) and GAS 
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goal attainment T scores. Statistical significance will be set at p<0.05 with adjustments for 
multiple comparisons where relevant. Validity of results will be checked using baseline and 
general descriptive information available for all eligible families. This includes comparing 
key characteristics of families who completed the study with those who enrolled in the 
study but did not complete, and those who did not enrol using the best available 
information from current population-based statistics. 
 
Knowledge translation 
Should the intervention be effective in improving leisure-time PA participation, the authors 
plan to initiate a knowledge translation plan. This will involve determining the knowledge 
translation capacity of the project partners, process and timing, impact and evaluation, 
likely knowledge users and audience (e.g. paediatric therapists), main messages and 
goals, strategies, resources, budget and implementation. 
 
DISCUSSION 
This paper presents the study protocol for a waitlist randomized controlled trial 
investigating the efficacy of a motivational physiotherapy program. ParticiPAte CP is aimed 
to increase child-parent dyad perceived performance and satisfaction with self-identified 
leisure-time PA participation goals, in children aged 8-12 years with CP classified at 
GMFCS I-III. This protocol describes a strong theoretical basis for the ParticiPAte CP 
intervention, and the model of therapy utilising a toolbox of strategies across ICF-CY and 
TDF domains including communications consistent with MI. The intervention is tailored to 
individual parent-child dyads, based on an assessment of modifiable barriers to 
participation. To the best of our knowledge, this will be the first pragmatic randomized trial 
investigating a model of participation-focused physiotherapy. Secondary outcome 
measures including tri-axial accelerometry will help to identify whether an effect on goal 
attainment translates into HPA performance. Other measures of barriers to behavioural 
change and motivational climate will support or refute the hypothesized mechanism of 
action; the development of child and family self-determination. It is expected that the 
results of this trial will be published in peer reviewed scholarly journals and international 
academic conferences. 
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3.3. Figures and tables 
Figure 3a ParticiPAte CP Study flow diagram (CONSORT flowchart) of intervention and 
outcome measures, protocol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key 
BPPA-Q: Barriers to Participation in Physical 
Activities Questionnaire 
CFCS: Communication Function Classification 
System 
COPM: Canadian Occupational Performance 
Measure 
CP QOL-Child: Cerebral Palsy Quality of Life – Child 
GAS: Goal Attainment Scaling 
GMFCS: Gross Motor Function Classification 
System – Expanded & Revised 
MACS: Manual Abilities Classification System 
MPAM-R: Motives for Physical Activities Measure – 
Revised  
PACQ: Physical Activity Climate Questionnaire 
PEM-CY: Participation and Environment Measure – 
Children and Youth 
PISQ: Problems in Schools Questionnaire 
QCPRRC: Queensland Cerebral Palsy and 
Rehabilitation Research Centre 
QPRS: Queensland Paediatric Rehabilitation Service 
Eligible children: Children 8y0m – 12y11m with a confirmed diagnosis of 
cerebral palsy living within 200km of South Brisbane, QLD. Recruited from 
the QCPRRC and QPRS databases, through Facebook advertising, and 
by word of mouth 
Screening and Classification 
Measures 
Baseline (T0) Assessments (n=36) 
ParticiPAte CP (n=18) 
Individualised participation-
focused physiotherapy program 
1 x 1hr/week for 6 weeks + goal 
setting/scoring = 8hrs 
PLUS Usual Care 
Usual Care, waitlist control 
(n=18) 
Usual Care 
+ 2 hours goal setting/scoring = 
2hrs 
Immediately Post Intervention (T1) 8 weeks 
Retention (T2) 16 weeks 
ParticiPAte CP (n=18) 
Individualised participation-
focused physiotherapy program 
1 x 1hr/week for 6 weeks + goal 
setting/scoring = 8hrs 
PLUS Usual Care 
End Waitlist (T3) 24 weeks 
Exit Study 
Exit Study 
Expect to recruit 25% of eligible Not interested 
or not eligible. 
No further 
contact. 
Block randomisation 
M+GMFCSI, 
M+GMFCSII-III, 
F+GMFCSI, 
F+GMFCSII-III 
Screening and Classification Measures 
Family background questionnaire 
GMFCS 
MACS 
CFCS 
T0, T1, T2, T3  
COPM 
ActiGraph (HPA) 
BPPA-Q 
CP QOL-Child 
PEM-CY 
PISQ 
MPAM-R 
PACQ 
Stage of Behaviour Change 
Goal-attainment Scaling (Mid-
Intervention and T1/T3) 
GAS 
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3.4. Summary and conclusions 
Chapter 3 described the rationale, theoretical underpinning, study design and methods for 
a randomized, waitlist-controlled trial of ParticiPAte CP. The intervention is an 
individualized, goal-directed and participation-focused package of therapy aimed to enable 
participation in PA of choice for children with CP. Key to the trial design is the use of both 
patient-reported (subjective) and objective outcomes. As the primary objective of the 
intervention is to increase participation, the following two chapters will present the results 
of the clinical trial for the primary and secondary hypotheses, divided into patient-reported 
outcomes (Chapter 4) and then test whether this translates into objectively measured PA 
behaviour (7-day hip-worn triaxial accelerometry; Chapter 5).  
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Chapter 4. Randomized controlled trial – participation in physical activities 
 
4.1. Introduction to Chapter 4 
Chapter 4 comprises a submitted paper entitled “A randomized trial of participation-
focused therapy to increase leisure-time physical activity participation in children with 
cerebral palsy”. This study addresses aim 2 of this doctoral program, the primary aim of 
the ParticiPAte CP study (to increase child and parent perceived performance of PA 
participation goals), and three of the secondary aims related to patient-reported outcomes.  
 
Statement of contribution to the publication: 
Contributor Statement of contribution 
Author Sarah E Reedman (Candidate) Conception and design (55%) 
Analysis and interpretation (60%) 
Drafting and production (65%) 
Author Roslyn N Boyd Conception and design (15%) 
Analysis and interpretation (12.5%) 
Drafting and production (10%) 
Author Stewart G Trost Conception and design (5%) 
Analysis and interpretation (5%) 
Drafting and production (5%) 
Author Catherine Elliott Conception and design (5%) 
Analysis and interpretation (0%) 
Drafting and production (0%) 
Author Leanne Sakzewski Conception and design (20%) 
Analysis and interpretation (12.5%) 
Drafting and production (20%) 
 
This paper was first submitted to Developmental Medicine & Child Neurology on 
December 6 2017. It was subsequently combined with the results presented in Chapter 5, 
becoming the paper entitled “A randomized waitlist controlled trial of a participation-
focused therapy intervention to increase physical activity through meaningful participation 
in children with cerebral palsy”. This paper was first submitted to Archives of Physical 
Medicine and Rehabilitation on May 31 2018 (2016 impact factor: 3.289) and is currently 
under review. The combined paper is attached in Appendix 3. 
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Results from this chapter were presented orally at the 71st Annual Meeting of the American 
Academy of Cerebral Palsy and Developmental Medicine (AACPDM), 13-16 September 
2017, Montreal, Canada, and the 9th Biennial Conference of the Australasian Academy of 
Cerebral Palsy and Developmental Medicine (AusACPDM), March 21-24 2018, Auckland, 
New Zealand. 
 
4.2. Paper 3: “A randomized trial of participation-focused therapy to increase 
leisure-time physical activity participation in children with cerebral palsy” 
 
Authors: Sarah E Reedman, Roslyn N Boyd, Catherine Elliott, Leanne Sakzewski 
 
ABSTRACT 
Aim To determine the efficacy of a participation-focused therapy (ParticiPAte CP) on 
leisure-time physical activity (PA) goal performance and satisfaction in children with 
cerebral palsy (CP). 
Method In a randomized controlled trial, children with CP (Gross Motor Function 
Classification System [GMFCS] I-III) were allocated to ParticiPAte CP for eight weeks or 
waitlist usual care for 16 weeks. ParticiPAte CP is a goal-directed, individualized therapy 
delivered in the home. The primary outcome was the Canadian Occupational Performance 
Measure (COPM) performance and satisfaction. Self-efficacy, barriers to participation, 
quality of life (QOL) and community participation were also collected. Data were analysed 
by intention-to-treat using generalized estimating equations. 
Results Thirty-seven children were included (18 males, mean age 10y 0mo [SD 1y 5mo]). 
ParticiPAte CP led to significant improvements in goal performance (estimated mean 
difference [EMD]=3.58, 95% CI 2.19-4.97, p<0.001), satisfaction (EMD=1.87, 95% CI 
0.37-3.36, p=0.014), and barriers to participation (EMD=26.39, 95% CI 6.13-46.67, 
p=0.011) compared with usual care at eight weeks. Self-efficacy was maintained in the 
intervention group (EMD=1.31, 95% CI 0.12-2.50, p=0.031). There were no between group 
differences for community participation or QOL (p>0.05). 
Interpretation ParticiPAte CP was effective at increasing perceived performance of 
leisure-time PA goals in children with CP GMFCS I-III by reducing modifiable barriers to 
participation. 
 
What this paper adds 
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 The intervention was associated with a clinically meaningful change in goal 
performance. 
 It may have worked by reducing behavioural barriers to participation. 
 Children who received the intervention maintained their level of self-efficacy for goal 
achievement whereas waitlist participants’ self-efficacy decreased. 
 
KEYWORDS 
Participation, cerebral palsy, leisure, intervention, randomized controlled trial 
 
INTRODUCTION 
Cerebral palsy (CP) is an umbrella term for a group of disorders of the development of 
movement and posture, resulting from non-progressive disturbances to the brain in the 
perinatal period, causing activity limitations and related to participation restrictions1. 
Participation is defined as involvement in a life situation as part of the fulfilment of a social 
role2. Children with CP participate less frequently3 and in fewer types4 of leisure-time PAs 
than their typically developing peers. Cross-sectional studies indicate that the pattern of 
leisure-time participation for children with CP also differs by age, sex, and GMFCS level5.  
 
Widely accepted biopsychosocial models of disability (such as the World Health 
Organisation International Classification of Functioning, Disability and Health Children and 
Youth Version6 [ICF-CY]) recognize that participation restrictions experienced by children 
with CP are not caused directly by impairments in body structures and functions or activity 
limitations7. People with physical disabilities report that self-efficacy, preferences, 
behaviour, social support, societal attitudes, knowledge of supports and services, 
accessibility, transportation, personal resources, and policy factors are barriers to 
participation in PA alongside impairments or activity limitations8.  
 
A contemporary model of therapy aimed at enabling participation in children with physical 
disabilities was one of the first to acknowledge multi-factorial barriers to participation9. 
Participation-based therapy described the role of the therapist as a consultant who builds 
the capacity of the child, family and community to discover solutions (to barriers)9. 
Participation-based therapy is goal-oriented, family-centred, collaborative, strengths-
based, ecological and self-determined9. One recent systematic review explored the 
efficacy and content of therapy interventions aimed at improving participation in leisure-
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time PA in children with CP10. There was level I evidence that interventions targeting 
impairments and activity limitations that did not address environmental or motivational 
barriers to participation were ineffective in the enablement of participation10. There were no 
high quality, randomized controlled trials of interventions that were aligned with the 
principles of participation-based therapy (participation-focused interventions), though goal-
directed interventions including a behavioural component had emerging evidence of 
efficacy10. 
 
ParticiPAte CP is a participation-focused therapy that explores barriers to participation in 
leisure-time PA across domains of child and family health, functioning and behaviour11. 
The intervention is individually tailored and goal-directed, and aims to support the 
autonomy of children with CP and their families to overcome modifiable barriers to 
participation. This study aimed to test the efficacy of ParticiPAte CP on perceived 
performance of and satisfaction with participation in leisure-time PA goals in children with 
CP. Secondary aims were to determine if ParticiPAte CP could improve child-reported 
health-related QOL, increase community participation frequency and involvement, and 
reduce behavioural barriers to a child’s leisure-time PA participation. We hypothesized that 
participants receiving the intervention would demonstrate significantly greater participation 
goal performance and satisfaction compared with a group receiving usual care. 
 
METHOD 
The study methods and intervention are described in the published protocol11. Ethical 
approval was obtained from the Human Research Ethics Committee of the Children’s 
Health Queensland Hospital and Health Service (HREC/15/QRCH/162) and the University 
of Queensland Medical Research Ethics Committee (2015001609). The trial was 
prospectively registered on the Australian New Zealand Clinical Trials Registry 
(ACTRN12615001064594). Written informed consent was obtained from parents or 
guardians (caregivers) and participants 12 years of age or older prior to entering the trial. 
Participants were children aged eight to 12 years with a diagnosis of CP (GMFCS levels I-
III) and one/both of their primary caregivers, living within 200 km of South Brisbane, 
Australia. Children were recruited from a population-based research database within the 
Queensland Cerebral Palsy and Rehabilitation Research Centre and an outpatient 
rehabilitation clinic at the Lady Cilento Children’s Hospital between October 2015 and April 
2017. The databases were filtered for available inclusion/exclusion criteria. All families with 
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potentially eligible children who provided consent to be contacted (n=229, Figure 3a) were 
sent one email or paper letter inviting them to contact the research team for further 
information. Families who returned contact were screened for eligibility and invited to 
participate if eligible. The remainder of families were then contacted again with one phone 
call or email and this occurred in a random order then ceased when recruitment was 
complete (target number achieved). Children were excluded if they had: (i) an unstable 
medical condition which precluded safe participation in community PAs; (ii) orthopaedic 
and/or neurological surgery in the previous 6 months; (iii) moderate to severe intellectual 
disability (IQ<5012); (iv) moderate to severe communication impairment (Communication 
Function Classification System13, CFCS IV-V) or; (v) severe visual impairment/blindness. 
Exclusion criteria were determined based on parent report and then verified with the child’s 
treating clinician if required. 
 
Design and Procedure 
Following recruitment, participants underwent stratified randomization (GMFCS I-II vs. III 
and male vs. female) in permuted blocks of four to either (i) ParticiPAte CP immediately for 
eight weeks plus eight weeks follow-up, or (ii) waitlist usual care for 16 weeks. 
Randomization was completed by non-study personnel using a computer-generated 
random number sequence. Allocation was concealed to both the treating/assessing 
physiotherapist and the participants using opaque envelopes until after baseline 
assessments had been completed. 
 
Intervention 
ParticiPAte CP consisted of eight face-to-face, individual physiotherapy sessions of 60 
minutes duration over eight weeks. The first and last sessions were focused on goal 
setting and scoring respectively and were conducted at the research centre (clinic setting). 
The middle six sessions were aimed at enabling the child’s ongoing participation in leisure-
time PA using a toolbox of evidence-based therapy strategies, and were conducted in the 
child’s home, community or school environment. A clinical reasoning framework was used 
to match each therapy strategy to modifiable barriers to participation within all domains of 
functioning and health (body structures, activities, participation, personal and 
environmental factors)6, and human behaviour change14 specific to each child and family. 
Techniques consistent with Motivational Interviewing15 (MI) were used to orient 
communications towards changing PA behaviour. The intervention is underpinned by Self-
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Determination Theory (SDT), which posits that basic psychological needs of autonomy, 
competence and relatedness must be fulfilled for people to be intrinsically motivated to 
pursue goals, such as those related to participating in PA16. Table IVa contains an 
example of one intervention in accordance with the Template for Intervention Description 
and Replication17 (TIDieR). Treatment strategies in this example have been coded 
according to the Behaviour Change Technique Taxonomy (BCT v1.0)18. The intervention 
was delivered by one registered physiotherapist with three years post-graduate experience 
who attended a two-day intermediate training course in MI. The intervention group 
received unrestricted usual care throughout the study period, which was expected to be 
limited face-to-face therapy to none. Parents recorded usual care in standardized diaries. 
Full details of the intervention are available in the protocol11. Treatment and follow-up was 
ongoing until August 2017. 
 
Waitlist 
During the 16-week study period, the waitlist usual care group received three face-to-face 
sessions. This consisted of one identical session to the intervention group (which was the 
baseline goal setting appointment), and one each for goal scoring at eight and 16 weeks 
(which was similar to the intervention group but did not include any action planning or 
reflective discussion). The waitlist group also received unrestricted usual care throughout 
their involvement in the study. The waitlist group received the intervention at the end of the 
16-week study period, and all of the study outcomes were collected again at 24 weeks for 
the waitlist group only, however, this time point is not analysed in the present paper. The 
usual care received by both groups between baseline and 16 weeks is detailed in Table 
IVc. 
 
[Insert Table IVa Example of an intervention package with strategies matched to barriers 
for one COPM goal] 
 
Outcomes 
The primary outcome was a modified version of the COPM19. The COPM is an interview-
based outcome that captures participant-perceived performance and satisfaction with 
occupational performance goals. Goals are scored from 1 (lowest) to 10 (highest) on two 
domains; (i) performance and (ii) satisfaction (with performance). An increase of at least 2 
points on the COPM indicates a clinically significant change19. The COPM has consistently 
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demonstrated high validity, reliability and responsiveness to interventions for children with 
CP19,20. At baseline, participants identified and set 3-5 leisure-time PA participation goals. 
Modification of the COPM consisted of (i) identification of goals in only the leisure domain, 
(ii) the use of a collaborative scoring paradigm with parent-proxy rating where appropriate 
due to child age, communication, perceptual or intellectual functioning21, and (iii) addition 
of the Belief in Goal Self-competence Scale22 (BiGSS). The BiGSS captures self-efficacy 
through the level of confidence that a goal can be achieved22. The Family of Participation-
related Constructs (fPRC)7 is a model that defines constructs associated with participation. 
In order to ensure that the goals reflected either participation ‘attendance’ or ‘involvement’, 
a second independent rater familiar with the fPRC reviewed all COPM goals (LS, CE)11. 
Goals not adhering to either construct were excluded from analysis. The treating therapist 
completed the COPM interview. The therapist was not blind to group allocation at eight 
and 16 weeks, however, caregivers and children were blind to their previous rating/s. This 
was a pragmatic choice to reflect the conditions in which the COPM would normally be 
completed in clinical practice, and because assessor-blind rating was not feasible in our 
study. 
 
Secondary outcomes were recorded via an online survey system without assistance or 
oversight of the treating therapist. The Barriers to Participation in Physical Activities 
Questionnaire11 (BPPA-Q) measures the presence and extent of parent-reported barriers 
to their child’s PA participation. The BPPA-Q, developed specifically for this study, was 
based on a validated and reliable instrument23 constructed on the Theoretical Domains 
Framework14 (TDF). The TDF is a synthesis of theories of human behaviour change which 
can be applied to examine the mechanisms and effect of behaviour-changing 
interventions14. On the BPPA-Q, parents respond to 60 items on a 7-point likert scale 
corresponding to different behavioural barriers to participation (higher total score indicates 
fewer barriers, maximum score 420)11. 
 
Parent-reported participation frequency and involvement in common activities within the 
community was measured with the community domain of the Participation and 
Environment Measure for Children and Youth24 (PEM-CY). Summary scores were 
calculated for frequency (average, 0-never to 7-daily), involvement (average, 1-minimally 
involved to 5-very involved), and perceived environmental supportiveness (percentage of 
total section score).  
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The Cerebral Palsy Quality of Life Questionnaire for Children, Child Version25 (CP QOL-
Child) is a 52-item child-report measure of condition-specific QOL. Scores are transformed 
to a scale with a possible range of 0-100, with higher scores in four of five domains 
indicating better self-reported QOL (pain and impact of disability is reversed). The 
participation and physical health, and emotional wellbeing and self-esteem domains were 
hypothesized a-priori to demonstrate change in response to the ParticiPAte CP11. 
Information about personal, demographic and environmental characteristics including 
GMFCS, CFCS and Manual Ability Classification System26 (MACS) was collected at 
baseline from parents and verified by the treating clinician. Socio-economic Indexes for 
Areas (SEIFA) Index of Relative Socio-economic Advantage and Disadvantage (IRSAD)27 
was determined from residential postcode. The SEIFA IRSAD is composed of many 
variables (such as educational attainment, income, profession/occupation, mortgaging, 
disability, overcrowding and car ownership) indicating social and economic condition of 
people or households within an area27. 
 
Monitoring of habitual PA (HPA) using tri-axial accelerometry was undertaken in this study 
to determine whether changes in PA participation translated into changes in objectively 
measured PA behaviour; these results are published elsewhere (Chapter 5).  
 
Statistical analysis 
Continuous outcomes were inspected for normality with histograms and Shapiro-Wilk 
tests; all were normally distributed. Participant characteristics and demographic variables 
were summarized using means and standard deviations for continuous variables and 
counts and percentage for categorical variables. Between-group differences for primary 
and secondary outcomes were determined using generalized estimating equations to 
account for the repeated measures design, stratification and missing data, following an 
intention-to-treat principle28. The distributional family was Gaussian, with an identity link 
and exchangeable correlation matrix. Co-variables were stratification factors sex and 
GMFCS. The sample size calculation was based on the primary outcome (COPM goal 
performance), which required a minimum of 11 participants in each group to detect a 
clinically significant change of at least 2 points19 with a power of 80% and α=0.05, based 
on a SD of 1.7 (from trials in a similar population)11,29. Data were analysed with Stata/IC 
14.2 (StataCorp LP, TX, USA). 
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RESULTS 
The flow of participants in the study is presented in Figure 4a. Of 229 participants 
assessed for eligibility (mean age 9y 7mo [SD 1y 7mo], 56% male), 37 (16%) enrolled in 
the study and underwent baseline assessment. Participants were children with spastic 
(n=34) and other (n=3) types of CP (18 males, mean age 10y 0mo [SD 1y 5mo]) and at 
least one of their primary caregivers. Eighteen participants were allocated to the 
ParticiPAte CP group, completed the intervention, and were assessed at eight weeks 
(n=18, 100%) and 16 weeks (n=17, 94.4%). Nineteen participants were allocated to the 
waitlist control group and were assessed at eight and 16 weeks (n=15, 78.9%). Participant 
characteristics are presented in Table IVb. There were no significant differences on 
demographic characteristics between groups, nor between participants who withdrew and 
those who continued.  
 
[Insert Figure 4a. ParticiPAte CP Study flow diagram (CONSORT flowchart) of intervention 
and outcome measures, patient reported outcomes] 
[Insert Table IVb Personal and socio-demographic characteristics of study participants at 
baseline] 
 
On average, participants allocated to ParticiPAte CP completed 5.83 (SD 0.38) of six 
home visits. There were 306 hours of face-to-face contact, 256 hours of travel, and 
approximately 136 hours (estimate of 4 hours per participant who received the therapy) of 
indirect therapy time in total. This indirect time consisted of email and telephone contact 
with community organisations (such as sports clubs), completion of equipment prescription 
and funding paperwork, development of home exercise programs, and research by the 
therapist into suitable recreation opportunities to match participant goals. The therapist 
was also paid a kilometric allowance for 19,756 km of travel. There were no serious 
adverse events. Two children fell over whilst riding bicycles and one participant fell over 
whilst practicing rugby drills but there were no injuries and children immediately resumed 
therapy. One child reported minor ankle discomfort during running training but this did not 
require medical attention. 
 
Thirty-one (83.8%) parents returned usual care diaries. Children in both groups received a 
limited amount of usual care therapy. Characteristics of usual care according to group 
allocation are provided in Table IVc. Approximately half of children received no 
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physiotherapy (n=18, 48.6%) or occupational therapy (n=19, 51.4%). There were no 
significant differences between groups on any measured parameter of usual care. 
 
Characteristics of COPM goals are presented in Table IVd. One goal was deemed to 
represent the activity construct of the ICF-CY, and was excluded from analyses (mean 
eligible goals per participant 3.03, SD 0.29). The attendance construct of participation was 
measured by 80.5% of goals, and 37.5% referenced a formal (organised) leisure activity. 
The activity mentioned most frequently in participation goals was cycling (18.8%), followed 
by football (11.6%). 
 
[Insert Table IVc Usual care diary data from Baseline to 16 weeks] 
[Insert Table IVd COPM goal descriptive analyses] 
[Insert Table IVe Observed data and analyses by group and time point for primary 
outcomes] 
 
Primary outcomes and analyses are presented in Table IVe. Immediately post-intervention 
at eight weeks, ParticiPAte CP compared to waitlist usual care demonstrated significantly 
greater perceived performance (EMD=3.58, 95% CI 2.19-4.97, p<0.001) on leisure-time 
PA participation goals on the COPM that was clinically meaningful (>2 points). This is an 
effect size (Cohen’s d) of 1.89 (95% CI 1.01-2.74). Satisfaction with performance 
(EMD=1.87, 95% CI 0.37-3.36, p=0.014) and confidence (EMD=1.31, 95% CI 0.12-2.50, 
p<0.001) were also significantly greater in the intervention compared to control group. This 
was retained at follow-up at 16 weeks for performance (EMD=3.02, 95% CI 1.66-4.38, 
p<0.001), satisfaction (EMD=1.88, 95% CI 0.41-3.35, p<0.012) and confidence 
(EMD=1.47, 95% CI 0.30-2.64, p<0.001). 
 
Parents in the ParticiPAte CP group reported significantly fewer barriers/more facilitators 
to participation on the BPPA-Q at eight weeks (EMD=26.39, 95% CI 6.13-46.67, p=0.011). 
This was no longer statistically significant at 16 weeks, but a significant within group 
difference was still present (EMD=25.83, 95% CI 12.55-39.11, p<0.001). There were no 
statistically significant differences between groups for domains of QOL (CP QOL-Child). 
Twenty-six participants completed the CP QOL-Child (reasons missing: n=5 insufficient 
cognition, n=6 not returned), a score of 95-100 was reported at baseline for eight (31%) 
participants for the emotional wellbeing and self-esteem domain and one (4%) for 
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participation and physical health. 
 
There were no between-group differences for community participation frequency, 
involvement or environmental supportiveness (PEM-CY). There were however significant 
increases within the intervention group for community participation frequency (EMD=0.62, 
95% CI 0.25-0.98, p=0.001) and environmental supportiveness (EMD=6.26, 95% CI 1.29-
11.23, p=0.014) at the 16 week follow-up. Observed data and statistical analyses for 
remaining domains of the PEM-CY and CP QOL-Child are available in Supplementary 
Table I (Appendix 9). 
 
Observed data for secondary measures hypothesized as predictor variables are presented 
in Table IVf. There was a small between-group difference when analysed by 2-sided t-test 
(MD=1.02, 95% CI 0.15-1.88, p=0.023) in favour of the intervention group at baseline in 
interest/enjoyment motivation for PA. Both groups however had relatively high 
interest/enjoyment motivation at baseline and there was some missing data for the waitlist 
group. There were no differences in reported stage of behaviour change (readiness for 
change) between groups at baseline (Table IVb). 
 
[Insert Table IVf Observed data by group for secondary predictor variables with 2-sided t-
test for baseline differences] 
 
DISCUSSION 
In this randomized controlled trial, participants allocated to the intervention group achieved 
statistically significant and clinically meaningful improvement in performance of self-
selected leisure-time PA goals, compared to the control group. This model of participation-
focused therapy enabled children with CP to participate in leisure-time PAs that met their 
needs and preferences using a toolbox of strategies to target individualized, modifiable 
barriers to participation in PA. 
 
To our knowledge, this is the first randomized trial of a model of participation-focused 
therapy inclusive of motivational approaches to enable PA participation in children with 
CP. Unlike previous interventions tested in randomized trials10, ParticiPAte CP aimed to 
identify modifiable barriers to participation unique to each child-parent dyad, and then 
match intervention strategies to those barriers. This reflects a paradigm shift in the 
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enablement of participation towards individually-tailored packages of therapy, also 
mirrored in recent pilot studies30,31. 
 
ParticiPAte CP was underpinned by theories of human motivation and behaviour, including 
SDT16. Communication strategies of MI (which are consistent with SDT32) were used to 
help children and their caregivers to resolve ambivalence to change in participation. 
Following the intervention, caregivers reported significantly fewer perceived behavioural 
barriers and/or more facilitators to their child’s participation, supporting the hypothesized 
mechanism of effect. Furthermore, the intervention aimed to foster a sense of self-efficacy 
(aligned with the basic psychological need of competence described in SDT22). There were 
significant between group differences at both eight and 16 weeks on the BiGSS, which 
captures a measure of self-efficacy through goal confidence22. This finding provides further 
support for the SDT underpinning of the intervention. 
 
The solution-focused approach used in ParticiPAte CP to overcoming barriers to 
participation has similarities to both the TEAM (Teens Making Environment and Activity 
Modifications) project33 and PREP (Pathways and Resources for Engagement and 
Participation) intervention34. Both interventions feature problem-solving approaches, rely 
on a degree of child and youth involvement in the intervention process, and both are 
targeted towards environmental barriers to participation. ParticiPAte CP differs from these 
interventions by its deliberate inclusion of strategies that aim to change child-related 
factors, such as functional training (to increase activity capacity). It is possible that there 
are more barriers in the activity domain of the ICF-CY to participation in PAs than to 
participation in other types of activities (such as sedentary and social activities). These 
three interventions, however, all contain behaviour-focused strategies that have 
demonstrated the best potential to improve participation in children and youth with CP10. 
The frequency of activity types (e.g. cycling, swimming) in participant goals mirrored the 
popularity of active leisure activities amongst all Australian children aged 5-1235. In 
accordance with family-centred practice36, clinicians should incorporate the preferences 
and context of the child and family when the therapeutic goal is to enable participation in 
leisure-time PAs. 
 
Whilst there were no significant between-group differences for community participation 
frequency and community environmental supportiveness, there were small statistically 
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significant within-group improvements in the intervention group at 16 weeks. It is not clear 
whether this change is clinically meaningful as minimal clinically important differences 
have not yet been established for the PEM-CY24, though a similar magnitude of change 
was reported following a similar pilot trial in six participants (EMD=0.6)37. The PEM-CY 
community domain captures aspects of participation in 10 community activity types with 
only two being PAs38. As the intervention was targeted at PA only, change across other 
activity types would not be expected. Additionally, the PEM-CY has a four-month recall 
period38 meaning there was a recall time overlap of two months prior to baseline at the 
eight week time point which may have reduced the ability to detect change attributable to 
the intervention. 
 
The therapy did not lead to improvement in child-reported condition-specific QOL. A ceiling 
effect has been reported for the CP QOL-Child39 which may have influenced the result 
given the proportion of high scores at baseline. Additionally, a substantial proportion of 
participating children had an additional comorbid diagnosis of Autism Spectrum Disorder, 
intellectual disability and/or a learning disability, which may have affected their ability to 
reliably self-report QOL40. Future studies may utilize both parent-proxy and child self-report 
measures. 
 
This study had strong methodology, however design limitations must be acknowledged. 
The process of goal-setting was integral to the development of the therapeutic relationship, 
and a knowledge of the participants’ progress was required to discuss goal scoring 
following the intervention. A pragmatic approach was adopted with un-blinded rating of the 
COPM at the post-intervention and follow-up time points, which may have introduced bias. 
To reduce the risk of bias, children and caregivers were blinded to their previous rating/s 
as recommended in the manual19. Future studies may consider assessor-blinded rating of 
the COPM. 
 
It is important to recognize that the style of this intervention may present challenges for 
translation into clinical practice. Since the aim was to enable participation in PA performed 
in leisure time, face-to-face therapy sessions were conducted outside school hours. Due to 
the context-specific nature of the intervention, the physiotherapist attended a myriad of 
community locations, the most unusual being a salt-water canal (for outrigger canoeing) 
and a roller-skating rink. This presents challenges for services without the capacity to 
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perform home visits. Where sports-specific functional training is needed to address 
barriers to participation, the therapist delivering the intervention must have sufficient skills 
in this area. It is not known to what extent formal training in MI communication techniques 
contributed to the efficacy of the intervention. 
 
Participants in this study were classified at GMFCS I-III. It is known that participation in 
leisure-time PAs is more severely restricted in children with greater activity limitations (i.e. 
GMFCS IV-V)41. Additionally, barriers to participation for children with more activity 
limitations may be more difficult to overcome, particularly as there may be fewer activities 
available in the child’s environment that meet their needs and preferences. Theoretically, 
the ParticiPAte CP intervention framework is applicable to children with any type of 
impairment as it is deliberately responsive to individual characteristics and circumstances; 
however, efficacy must be determined in these populations. 
 
In conclusion, this adequately powered randomized waitlist-controlled trial demonstrated 
the efficacy of a participation-focused model of therapy to enable leisure-time PA 
participation in children with CP. Outcomes assessing behavioural barriers to change and 
participant self-efficacy supported the hypothesized mechanism of effect and theorized 
autonomy-supportive nature of the intervention. Increased perceived performance of 
participation did not appear to translate into improvements in health related QOL, which 
reinforces the need to select measurement tools that will adequately assess the targeted 
outcome. As a complex intervention, further analysis is required to evaluate the contents 
and mechanism of effect. 
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4.3. Figures and tables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4a ParticiPAte CP Study flow diagram (CONSORT flowchart) of intervention and 
outcome measures, patient reported outcomes 
Assessed for eligibility n=229 
Excluded n=192 
 Not meeting inclusion criteria 
n=30 
 Declined to participate n=20 
 Undecided n=22 
 Recruitment target reached 
n=120 
T1 8 weeks n=18 
Retention 100% 
T0 Baseline n=18 T0 Baseline n=19 
Enrolled in study n=37 
Stratified randomisation 
ParticiPAte CP n=18 Waitlist control n=19 
T1 8 weeks n=15 
Retention 78.9% 
Withdrew n=4 
 Family reasons 
n=3 
 Withdrew consent 
n=1 
T2 16 weeks n=17 
Retention 94.4% 
T2 16 weeks n=15 
Retention 78.9% 
Withdrew n=1 
 Surgery n=1 
Analysis (maximum 
cases available 0-16 
weeks) 
 COPM n=18 
 PEM-CY n=16 
 BPPA-Q n=14 
 CP QOL n=15 
 
Analysis (maximum 
cases available 0-16 
weeks) 
 COPM n=19 
 PEM-CY n=16 
 BPPA-Q n=15 
 CP QOL n=11 
 
Reasons missing (0-
16 weeks) 
 Questionnaires 
not returned (n=4 
PEM-CY, n=7 
BPPA-Q, n=6 CP 
QOL) 
 Child cognition or 
understanding n=5 
(CP QOL) 
Potential participants n=229 
Identified on clinical database 
n=101 
Identified on research 
database n=128 
Ineligible n=80 
ParticiPAte CP n=15 
T3 24 weeks n=15 
Retention 78.9% 
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Table IVa: Example of an intervention package with strategies matched to barriers for one COPM goal 
COPM6 
Goal 
Barrier Barrier Categories Strategy Strategy Categories 
TDF2 ICF-
CY3 
Function4 BCTs5 
Play a 
game of 
Australian 
Rules 
Football at 
the local 
community 
club team 
once per 
week 
-Difficulty with 
kicking the ball 
effectively (set 
up, sequence, 
ball and foot 
position, 
hamstring 
spasticity, 
timing) 
-Difficulty with 
over-head 
catching of the 
ball (jump 
height, 
accuracy and 
strength of 
grasp) 
-Difficulty with 
passing ball 
consistently 
(set up, 
sequence, ball 
and hand 
position, body 
position, force 
control) 
-Skills -A 
-BSF 
-Functional 
training (part 
practice, whole 
practice, 
isolated, 
contextualised) 
-Explicit 
teaching of 
task 
knowledge 
-Activity 
modification 
-Balance home 
exercise 
program 
-Scaffolded 
play with 
siblings 
-Education 
-Training 
-Modelling 
-Environmental 
restructuring 
-2.3 Feedback on 
behaviour 
-2.7 Feedback on 
outcomes of the 
behaviour 
-7.1 Prompts/cues 
-6.1 
Demonstration of 
the behaviour 
-4.1 Instruction on 
how to perform a 
behaviour 
-8.7 Graded tasks 
-15.4 Self-talk 
-4.1 Instruction on 
how to perform a 
behaviour 
-12.1 
Restructuring the 
physical 
environment 
-10.4 Social 
reward 
-Difficulty 
attending to 
instruction 
from coach 
-Difficulty 
using 
feedback to 
change 
performance 
-Memory 
attention and 
decision 
processes 
-Skills 
-A 
-BSF 
-Visual and 
auditory cues 
-Cognitive 
orientation 
approaches for 
motor learning 
-Teaching of 
self-monitoring 
-Motivating 
practice 
-Education 
-Training 
-Enablement 
-Environmental 
restructuring 
-Incentivisation 
-2.3 Self-
monitoring of 
behaviour 
-2.7 Feedback on 
outcomes of the 
behaviour 
-7.1 Prompts/cues 
-4.1 Instruction on 
how to perform a 
behaviour 
-10.4 Social 
reward 
 -Parental 
belief that local 
club will not be 
inclusive 
-Parental 
belief that child 
lacks some 
necessary 
skills 
-Parental fear 
of negative 
consequences 
(teasing etc.) 
-Beliefs about 
capabilities 
-Beliefs about 
consequences 
-Social 
influences 
-Emotion 
-PF 
-EF 
-Motivational 
interviewing 
-Sharing of 
knowledge 
-Discussion of 
positive 
actions and 
possible 
solutions 
-Agreement on 
goal and 
action 
-Education 
-Persuasion 
-Modelling 
-Incentivisation 
-Enablement 
-5.3 Information 
about social and 
environmental 
consequences 
-5.1 Information 
about health 
consequences 
-1.6 Discrepancy 
between current 
behaviour and 
goal 
-1.9 Commitment 
-1.1 Goal setting 
(behaviour) and 
1.3 (outcome) 
-1.4 Action 
planning 
-1.7 Review 
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outcome goals 
-15.1 Verbal 
persuasion about 
capability 
-AFL club and 
coach has not 
included a 
player with a 
physical 
disability 
before 
-Not yet 
participating in 
any Australian 
Rules Football 
-Environmental 
context and 
resources 
-EF 
-P 
-Site visit and 
observation 
-Provision of 
handout on CP 
and discussion 
of possible 
impacts of CP 
and 
appropriate 
adjustments 
with coach 
-Modelling 
training 
-Discuss 
adjustments 
-Enablement 
-Modelling 
-Environmental 
restructuring 
-3.2 Social 
support (practical) 
-1.2 Problem 
solving 
-12.1 
Restructuring the 
physical 
environment 
-8.7 Graded tasks 
-4.1 Instruction on 
how to perform a 
behaviour 
-6.1 
Demonstration of 
the behaviour 
COPM, Canadian Occupational Performance Measure; TDF, Theoretical Domains Framework; 
ICF-CY, International Classification of Functioning, Disability and Health Children and Youth 
Version; BCTs, Behaviour Change Techniques (numbering refers to position within the 
Behaviour Change Taxonomy); BSF, Body structures and functions; A, Activities; P, 
Participation; PF, Personal factors; EF, Environmental factors; CP, cerebral palsy 
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 Table IVb: Personal and socio-demographic characteristics of study 
participants at baseline 
 ParticiPAte CP 
(n=18) 
Waitlist control 
(n=19) 
Child characteristics  
   Males; n (%) 
   Age; mean (SD) 
 
8 (44.4) 
9y 9mo (1y 6mo) 
 
10 (52.6) 
10y 2mo (1y 4mo) 
Distribution; n (%)  
   Unilateral 
   Bilateral 
 
9 (50.0) 
9 (50.0) 
 
8 (42.1) 
11 (57.9) 
Motor type; n (%) 
   Spastic 
   Other 
 
17 (94.4) 
1 (5.6) 
 
17 (89.5) 
2 (10.5) 
GMFCS; n (%) 
   I 
   II 
   III 
 
9 (50.0) 
6 (33.3) 
3 (16.7) 
 
12 (63.2) 
3 (15.8) 
4 (21.1) 
MACS; n (%) 
   I 
   II 
   III 
 
3 (16.7) 
11 (61.1) 
4 (22.2) 
 
7 (36.8) 
10 (52.6) 
2 (10.5) 
CFCS; n (%) 
   I 
   II 
   III 
 
9 (50.0) 
5 (27.8) 
4 (22.2) 
 
12 (63.2) 
5 (26.3) 
2 (10.5) 
Comorbid conditions; n (%a) 
   Epilepsy 
   Asthma 
   ASD 
   ADHD 
   Intellectual disability (IQ<70) 
   Learning disability 
   Sensory impairment 
 
4 (22.2) 
1 (5.6) 
2 (11.1) 
2 (11.1) 
0 
3 (16.7) 
4 (22.2) 
 
2 (10.5) 
1 (5.3) 
6 (31.6) 
2 (10.5) 
3 (15.8) 
2 (10.5) 
3 (15.8) 
School type; n (%) 
   Mainstream (included) 
   Mainstream (segregated) 
   Special school 
   Home schooled 
 
11 (61.1) 
7 (38.9) 
0 
0 
 
11 (57.9) 
6 (31.6) 
1 (5.3) 
1 (5.3) 
Participating parent/s; n (%) 
   Mother 
   Father 
   Bothb 
 
14 (77.8) 
0 
4 (22.2) 
 
12 (63.2) 
3 (15.8) 
4 (21.1) 
Parent relationship; n (%) 
   Married/defacto 
   Separated/divorced 
   Never married 
   Other 
 
15 (83.3) 
2 (11.1) 
1 (5.6) 
0 
 
12 (63.2) 
5 (26.3) 
1 (5.3) 
1 (5.3) 
Household structure; n (%) 
   Original parents 
 
13 (72.2) 
 
13 (68.4) 
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   Stepfamily 
   Single parent 
   Other 
1 (5.6) 
1 (5.6) 
3 (16.7) 
0 
3 (15.8) 
3 (15.8) 
Annual household income; n (%) 
   <AUD 25 000 
   AUD 25 000-49 999 
   AUD 50 000-74 999 
   AUD 75 000-100 000 
   >AUD 100 000 
   Prefer not to say 
 
1 (5.6) 
2 (11.1) 
2 (11.1) 
4 (22.2) 
8 (44.4) 
1 (5.6) 
 
3 (15.8) 
2 (10.5) 
4 (21.1) 
4 (21.1) 
5 (26.3) 
1 (5.3) 
SEIFA IRSAD decile; n (%) 
   Disadvantaged (1-3) 
   Middle (4-7) 
   Advantaged (8-10) 
 
2 (11.1) 
5 (27.8) 
11 (61.1) 
 
3 (15.8) 
7 (36.8) 
9 (47.4) 
Stage of Behaviour Change 
   Pre-contemplation 
   Contemplation 
   Preparation 
   Action 
   Maintenance 
   Missing 
 
3 (16.7) 
0 
4 (22.2) 
0 
6 (33.3) 
5 (27.8) 
 
4 (21.1) 
1 (5.3) 
6 (31.6) 
1 (5.3) 
4 (21.1) 
3 (15.8) 
GMFCS, Gross Motor Function Classification System; MACS, Manual Abilities 
Classification System; CFCS, Communication Function Classification System; 
a, percentages not cumulative; ASD, Autism Spectrum Disorder; ADHD, 
Attention Deficit Hyperactivity Disorder; b, where both parents participated, the 
designated primary caregiver was always the mother; AUD, Australian Dollars; 
SEIFA, Socio-economic Indexes for Areas; IRSAD, Index of Relative Socio-
economic Advantage and Disadvantage 
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 Table IVc: Usual care diary data from Baseline to 16 weeks 
 ParticiPAte 
CP 
(n=18) 
Waitlist 
(n=19) 
Physiotherapy sessions in 16 weeks, n (%) 
   None 
   1-2 sessions 
   3 or more sessions 
   Missing 
Physiotherapy provider, n  
   Non-government 
   Private 
   School-based 
Physiotherapy content, n 
   Exercise therapy 
   Musculoskeletal 
   Educational 
   Equipment prescription 
   Hydrotherapy 
 
10 (55.6) 
3 (16.7) 
4 (22.2) 
1 (5.6) 
 
3 
3 
1 
 
3 
1 
1 
1 
1 
 
8 (47.4) 
3 (15.8) 
3 (15.8) 
5 (26.3) 
 
2 
4 
0 
 
4 
2 
0 
0 
0 
Occupational therapy sessions in 16 weeks, n (%) 
   None 
   1-2 sessions 
   3 or more sessions 
   Missing 
Occupational therapy provider, n 
   Non-government 
   Private 
   School-based 
 
10 (55.6) 
3 (16.7) 
4 (22.2) 
1 (5.6) 
 
6 
1 
0 
 
9 (47.4) 
1 (5.3) 
4 (21.1) 
5 (26.3) 
 
2 
2 
1 
Speech therapy sessions in 16 weeks, n (%) 
   None 
   1-2 
   3 or more 
   Missing 
Speech therapy provider, n 
   Non-government 
   Private 
   School-based 
 
12 (66.7) 
1 (5.6) 
4 (22.2) 
1 (5.6) 
 
5 
0 
0 
 
11 (57.9) 
1 (5.6) 
2 (10.5) 
5 (26.3) 
 
1 
1 
1 
Other therapy in 16 weeks, n (%) 
   None 
   1-2 
   3 or more 
   Missing 
Other therapy type 
   Exercise physiology 
   Educational psychology 
   Hippotherapy 
 
15 (83.3) 
1 (5.6) 
1 (5.6) 
1 (5.6) 
 
1 
1 
0 
 
12 (63.2) 
1 (5.3) 
1 (5.3) 
5 (26.3) 
 
1 
0 
1 
Botulinum Toxin-A in 16 weeks, n (%) 
   None 
   Upper limb 
 
16 (88.9) 
0 
 
12 (63.2) 
1 (5.3) 
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    Lower limb 
   Missing  
1 (5.6) 
1 (5.6) 
1 (5.3) 
5 (26.3) 
Casting in 16 weeks, n (%) 
   None 
   Upper limb 
   Lower limb 
   Missing 
 
16 (88.9) 
1 (5.6) 
0 
1 (5.6) 
 
13 (68.42) 
0 
1 (5.3) 
5 (26.3) 
Notes: Non-government organisation refers to a not-for-profit entity typically 
offering free or subsidized services, in contrast to private therapy providers 
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Table IVd: COPM goal descriptive analyses 
 ParticiPAte 
CP 
Waitlist control 
Total COPM goals, n 
   Eligible COPM goals 
   Excluded from analyses 
56 
55 
1 
57 
57 
0 
COPM goals per participant 
   mean (SD) 
   range 
 
3.06 (0.24) 
3-4 
 
3.00 (0.33) 
2-4 
Goal construct, n (%) 
   Attendance 
   Involvement 
 
45 (81.8) 
10 (18.2) 
 
46 (80.7) 
11 (19.3) 
Activity type, n (%) 
   Formal 
   Informal 
 
24 (43.6) 
31 (56.4) 
 
18 (31.6) 
39 (68.4) 
Popular activities, n (%) 
   Cycling 
   Football (Soccer) 
   Swimming 
   Walking 
   Basketball 
   Cricket 
   Horse riding 
   Running 
   Australian Rules Football 
   Dance 
   Handballa 
   Rock climbing 
   Rugby 
   Skipping 
   Othersb 
 
21 (18.8) 
13 (11.6) 
12 (10.7) 
7 (6.3) 
5 (4.5) 
5 (4.5) 
5 (4.5) 
5 (4.5) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
12 (10.7) 
COPM, Canadian Occupational Performance Measure; aschool-
style game with a small rubber ball in a 4-person hard surface 
court; bactivities named in 3 or fewer goals 
111 
 
 
 
T
a
b
le
 I
V
e
: 
O
b
s
e
rv
e
d
 d
a
ta
 a
n
d
 a
n
a
ly
s
e
s
 b
y
 g
ro
u
p
 a
n
d
 t
im
e
 p
o
in
t 
fo
r 
p
ri
m
a
ry
 o
u
tc
o
m
e
s
 
1
6
 w
k
 w
it
h
in
 g
ro
u
p
 
E
M
D
 (
9
5
%
 C
I)
 
4
.1
5
 (
3
.2
0
 t
o
 5
.0
9
)*
 
1
.1
3
 (
0
.1
5
 t
o
 2
.1
1
)*
 
3
.6
6
 (
2
.6
4
 t
o
 4
.6
8
)*
 
1
.7
8
 (
0
.7
2
 t
o
 2
.8
4
)*
 
0
.7
3
 (
-0
.0
8
 t
o
 1
.5
3
) 
-0
.7
4
 (
-1
.5
9
 t
o
 0
.1
0
) 
0
.6
2
 (
0
.2
5
 t
o
 0
.9
8
)*
 
0
.2
5
 (
-0
.1
3
 t
o
 0
.6
3
) 
0
.2
0
 (
-0
.1
2
 t
o
 0
.5
1
) 
0
.2
9
 (
-0
.0
4
 t
o
 0
.6
1
) 
6
.2
6
 (
1
.2
9
 t
o
 1
1
.2
3
)*
 
1
.7
7
 (
-3
.4
7
 t
o
 7
.0
1
) 
2
5
.8
3
 (
1
2
.5
5
 t
o
 3
9
.1
1
)*
 
8
.5
1
 (
-5
.0
3
 t
o
 2
2
.0
6
) 
2
.8
7
 (
-3
.8
3
 t
o
 9
.5
7
) 
7
.2
6
 (
-1
.1
0
 t
o
 1
5
.6
2
) 
2
.5
9
 (
-3
.2
4
 t
o
 8
.4
2
) 
-0
.1
3
 (
-7
.4
4
 t
o
 7
.1
7
) 
8
 w
k
 w
it
h
in
 g
ro
u
p
 
E
M
D
 (
9
5
%
 C
I)
 
4
.7
1
 (
3
.7
8
 t
o
 5
.6
4
)*
 
1
.1
3
 (
0
.1
0
 t
o
 2
.1
6
)*
 
3
.9
3
 (
2
.9
2
 t
o
 4
.9
3
)*
 
2
.0
5
 (
0
.9
5
 t
o
 3
.1
7
)*
 
0
.4
7
 (
-0
.3
2
 t
o
 1
.2
6
) 
-0
.8
5
 (
-1
.7
4
 t
o
 0
.0
5
) 
0
.1
9
 (
-0
.1
9
 t
o
 0
.5
7
) 
0
.3
9
 (
-0
.0
2
 t
o
 0
.7
9
) 
0
.1
1
 (
-0
.2
1
 t
o
 0
.4
4
) 
0
.1
0
 (
-0
.2
5
 t
o
 0
.4
5
) 
3
.1
8
 (
-2
.0
4
 t
o
 8
.4
1
) 
0
.4
2
 (
-5
.1
9
 t
o
 6
.0
3
) 
2
4
.3
6
 (
1
0
.2
2
 t
o
 3
8
.5
0
)*
 
-2
.0
3
 (
-1
6
.5
5
 t
o
 1
2
.4
8
) 
-0
.2
4
 (
-7
.8
7
 t
o
 7
.3
8
) 
6
.3
3
 (
-2
.0
3
 t
o
 1
4
.6
9
) 
1
.8
0
 (
-4
.8
5
 t
o
 8
.4
5
) 
-0
.4
0
 (
-7
.7
0
 t
o
 6
.9
1
) 
1
6
 w
k
 b
e
tw
e
e
n
 
g
ro
u
p
s
 E
M
D
 
(9
5
%
 C
I)
 
p
 v
a
lu
e
 
3
.0
2
 
(1
.6
6
 t
o
 4
.3
8
) 
p
<
0
.0
0
1
 
1
.8
8
 
(0
.4
1
 t
o
 3
.3
5
) 
p
=
0
.0
1
2
 
1
.4
7
 
(0
.3
0
 t
o
 2
.6
4
) 
p
=
0
.0
1
3
 
0
.3
6
 
(-
0
.1
6
 t
o
 0
.8
9
) 
p
=
0
.1
7
2
 
-0
.0
9
 
(-
0
.5
4
 t
o
 0
.3
6
) 
p
=
0
.6
9
0
 
4
.4
9
 
(-
2
.7
3
5
 t
o
 1
1
.7
1
) 
p
=
0
.2
2
3
 
1
7
.3
2
 
(-
1
.6
4
 t
o
 3
6
.2
7
) 
p
=
0
.0
7
3
 
-4
.3
8
 
(-
1
5
.1
0
 t
o
 6
.3
3
) 
p
=
0
.4
2
2
 
2
.7
2
 
(-
6
.6
3
 t
o
 1
2
.0
7
) 
p
=
0
.5
6
8
 
8
 w
k
 b
e
tw
e
e
n
 
g
ro
u
p
s
 E
M
D
 (
9
5
%
 
C
I)
 
p
 v
a
lu
e
 
3
.5
8
 (
2
.1
9
 t
o
 4
.9
7
) 
p
<
0
.0
0
1
 
1
.8
7
 (
0
.3
7
 t
o
 3
.3
6
) 
p
=
0
.0
1
4
 
1
.3
1
 (
0
.1
2
 t
o
 2
.5
0
) 
p
=
0
.0
3
1
 
-0
.2
0
 (
-0
.7
5
 t
o
 0
.3
6
) 
p
=
0
.4
8
9
 
0
.0
2
 (
-0
.4
6
 t
o
 0
.4
9
) 
p
=
0
.9
4
7
 
2
.7
6
 (
-4
.9
1
 t
o
 1
0
.4
4
) 
p
=
0
.4
8
1
 
2
6
.3
9
 (
6
.1
3
 t
o
 4
6
.6
7
) 
p
=
0
.0
1
1
 
-6
.5
8
 (
-1
7
.8
9
 t
o
 4
.7
3
) 
p
=
0
.2
5
4
 
2
.2
0
 (
-7
.6
8
 t
o
 1
2
.0
8
) 
p
=
0
.6
6
3
 
1
6
 w
e
e
k
s
 (
T
2
),
 
m
e
a
n
 (
S
D
) 
n
 
6
.9
6
 (
2
.0
3
) 
n
=
1
7
 
3
.7
9
 (
2
.2
8
) 
n
=
1
5
 
7
.5
9
 (
1
.8
0
) 
n
=
1
7
 
5
.7
9
 (
2
.4
7
) 
n
=
1
5
 
8
.6
1
 (
1
.3
8
) 
n
=
1
7
 
6
.2
6
 (
2
.7
8
) 
n
=
1
5
 
4
.2
2
 (
0
.7
4
) 
n
=
1
4
 
3
.9
4
 (
0
.7
3
) 
n
=
1
2
 
4
.0
3
 (
0
.4
2
) 
n
=
1
4
 
4
.0
4
 (
0
.6
9
) 
n
=
1
2
 
8
4
.3
3
 (
9
.1
5
) 
n
=
1
4
 
7
8
.5
7
 (
1
7
.3
8
) 
n
=
1
2
 
3
0
8
.9
3
 (
3
9
.3
7
) 
n
=
1
4
 
2
8
5
.6
7
 (
4
4
.1
4
) 
n
=
1
2
 
7
7
.5
6
 (
2
0
.0
2
) 
n
=
1
5
 
7
4
.1
2
 (
2
7
.3
3
) 
n
=
1
0
 
8
6
.2
2
 (
1
7
.7
7
) 
n
=
1
5
 
8
2
.2
9
 (
2
5
.4
3
) 
n
=
1
0
 
8
 w
e
e
k
s
 (
T
1
),
 m
e
a
n
 
(S
D
) 
n
 
 
7
.5
0
 (
1
.7
3
) 
n
=
1
8
 
3
.7
9
 (
2
.2
6
) 
n
=
1
3
 
7
.8
8
 (
1
.4
4
) 
n
=
1
8
 
6
.1
2
 (
2
.1
8
) 
n
=
1
3
 
8
.3
1
 (
1
.0
9
) 
n
=
1
8
 
6
.0
3
 (
2
.6
8
) 
n
=
1
3
 
3
.8
1
 (
0
.8
1
) 
n
=
1
3
 
4
.2
1
 (
0
.6
9
) 
n
=
1
0
 
3
.9
8
 (
0
.4
5
) 
n
=
1
3
 
3
.8
6
 (
0
.7
2
) 
n
=
1
0
 
7
6
.4
4
 (
6
.0
4
) 
n
=
1
3
 
7
8
.9
6
 (
1
2
.1
3
) 
n
=
1
0
 
3
0
4
.5
8
 (
3
2
.3
0
) 
n
=
1
2
 
2
8
4
.2
0
 (
3
3
.8
1
) 
n
=
1
0
 
7
7
.9
0
 (
1
3
.4
2
) 
n
=
1
1
 
7
2
.7
5
 (
2
2
.7
0
) 
n
=
1
0
 
8
9
.0
2
 (
1
7
.1
6
) 
n
=
1
1
 
8
2
.4
2
 (
2
4
.3
1
) 
n
=
1
0
 
B
a
s
e
li
n
e
 (
T
0
),
 
m
e
a
n
 (
S
D
) 
n
 
2
.7
9
 (
1
.2
9
) 
n
=
1
8
 
2
.7
1
 (
1
.0
5
) 
n
=
1
9
 
3
.9
5
 (
1
.8
8
) 
n
=
1
8
 
3
.9
3
 (
1
.3
5
) 
n
=
1
9
 
7
.8
4
 (
1
.7
7
) 
n
=
1
8
 
7
.2
3
 (
2
.4
0
) 
n
=
1
9
 
3
.5
5
 (
0
.8
5
) 
n
=
1
6
 
3
.7
0
 (
0
.7
3
) 
n
=
1
6
 
3
.9
1
 (
0
.7
8
) 
n
=
1
6
 
3
.7
5
 (
0
.8
0
) 
n
=
1
6
 
7
7
.5
3
 (
1
6
.4
7
) 
n
=
1
6
 
7
7
.3
4
 (
1
0
.9
1
) 
n
=
1
6
 
2
8
8
.5
0
 (
4
6
.7
2
) 
n
=
1
4
 
2
7
7
.6
7
 (
3
7
.4
7
) 
n
=
1
5
 
7
6
.4
9
 (
1
6
.9
0
) 
n
=
1
5
 
6
6
.4
0
 (
1
5
.2
5
) 
n
=
1
1
 
8
5
.9
4
 (
1
5
.9
9
) 
n
=
1
5
 
8
4
.2
4
 (
1
1
.8
5
) 
n
=
1
1
 
V
a
ri
a
b
le
 
C
O
P
M
 P
e
rf
o
rm
a
n
c
e
 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
C
O
P
M
 S
a
ti
s
fa
c
ti
o
n
 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
C
O
P
M
 C
o
n
fi
d
e
n
c
e
 (
B
iG
S
S
) 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
P
E
M
-C
Y
 C
o
m
m
u
n
it
y
 
F
re
q
u
e
n
c
y
 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
P
E
M
-C
Y
 C
o
m
m
u
n
it
y
 
In
v
o
lv
e
m
e
n
t 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
P
E
M
-C
Y
 C
o
m
m
u
n
it
y
 
E
n
v
ir
o
n
m
e
n
ta
l 
S
u
p
p
o
rt
 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
B
P
P
A
-Q
 T
o
ta
l 
S
c
o
re
  
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
C
P
 Q
O
L
-C
h
ild
 P
a
rt
ic
ip
a
ti
o
n
 
a
n
d
 P
h
y
s
ic
a
l 
H
e
a
lt
h
 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
C
P
 Q
O
L
-C
h
ild
 E
m
o
ti
o
n
a
l 
W
e
llb
e
in
g
 a
n
d
 S
e
lf
-e
s
te
e
m
 
  
P
a
rt
ic
iP
A
te
 C
P
 
  
W
a
it
lis
t 
*w
it
h
in
 g
ro
u
p
 d
if
fe
re
n
c
e
 f
ro
m
 b
a
s
e
lin
e
 s
ig
n
if
ic
a
n
t 
a
t 
p
<
0
.0
5
; 
S
D
, 
s
ta
n
d
a
rd
 d
e
v
ia
ti
o
n
; 
E
M
D
, 
e
s
ti
m
a
te
d
 m
e
a
n
 d
if
fe
re
n
c
e
; 
C
I,
 c
o
n
fi
d
e
n
c
e
 
in
te
rv
a
l;
 C
O
P
M
, 
C
a
n
a
d
ia
n
 O
c
c
u
p
a
ti
o
n
a
l 
P
e
rf
o
rm
a
n
c
e
 M
e
a
s
u
re
; 
B
iG
S
S
, 
B
e
lie
f 
in
 G
o
a
l 
S
e
lf
-c
o
m
p
e
te
n
c
e
 S
c
a
le
; 
P
E
M
-C
Y
, 
P
a
rt
ic
ip
a
ti
o
n
 a
n
d
 E
n
v
ir
o
n
m
e
n
t 
M
e
a
s
s
u
re
 –
 C
h
ild
 a
n
d
 Y
o
u
th
; 
B
P
P
A
-Q
, 
B
a
rr
ie
rs
 t
o
 P
a
rt
ic
ip
a
ti
o
n
 i
n
 P
h
y
s
ic
a
l 
A
c
ti
v
it
ie
s
 Q
u
e
s
ti
o
n
n
a
ir
e
; 
C
P
 Q
O
L
-C
h
ild
, 
C
e
re
b
ra
l 
P
a
ls
y
 Q
u
a
lit
y
 o
f 
L
if
e
 Q
u
e
s
ti
o
n
n
a
ir
e
 –
 C
h
ild
 v
e
rs
io
n
 s
e
lf
-r
e
p
o
rt
  
 
112 
 
 
T
a
b
le
 I
V
f:
 O
b
s
e
rv
e
d
 d
a
ta
 b
y
 g
ro
u
p
 f
o
r 
s
e
c
o
n
d
a
ry
 p
re
d
ic
to
r 
v
a
ri
a
b
le
s
 w
it
h
 2
-s
id
e
d
 t
-t
e
s
t 
fo
r 
b
a
s
e
lin
e
 d
if
fe
re
n
c
e
s
 
B
a
s
e
li
n
e
 d
if
fe
re
n
c
e
 
(9
5
%
 C
I)
 
p
 
1
.0
2
 (
0
.1
5
, 
1
.8
8
) 
p
=
0
.0
2
3
 
0
.8
5
 (
-0
.1
5
, 
1
.8
4
) 
p
=
0
.0
9
 
-0
.0
2
 (
-1
.3
7
, 
1
.3
4
) 
p
=
0
.9
8
2
 
-0
.5
2
 (
-1
.6
6
, 
0
.6
3
) 
p
=
0
.3
5
9
 
0
.2
5
 (
-0
.9
2
, 
1
.4
1
) 
p
=
0
.6
6
8
 
-0
.5
9
 (
-2
.5
2
, 
1
.3
4
) 
p
=
0
.5
3
6
 
0
.1
6
 (
-0
.4
6
, 
0
.7
8
) 
p
=
0
.5
9
2
 
0
.3
0
 (
-0
.5
1
, 
1
.1
1
) 
p
=
0
.4
5
2
 
1
6
 w
e
e
k
s
 (
T
2
) 
m
e
a
n
 (
S
D
) 
n
 
6
.6
2
 (
0
.2
8
) 
n
=
1
5
 
5
.6
9
 (
1
.1
1
) 
n
=
1
1
 
5
.6
7
 (
1
.2
3
) 
n
=
1
5
 
4
.7
0
 (
1
.6
5
) 
n
=
1
1
 
2
.9
7
 (
1
.8
9
) 
n
=
1
5
 
2
.4
2
 (
1
.5
1
) 
n
=
1
1
 
4
.9
9
 (
1
.5
1
) 
n
=
1
5
 
4
.5
1
 (
1
.7
9
) 
n
=
1
1
 
5
.2
2
 (
1
.3
5
) 
n
=
1
5
 
4
.4
9
 (
0
.8
6
) 
n
=
1
1
 
0
.9
0
 (
2
.2
8
) 
n
=
1
4
 
1
.3
0
 (
3
.6
1
) 
n
=
1
2
 
6
.4
4
 (
0
.4
5
) 
n
=
1
5
 
5
.9
2
 (
0
.5
4
) 
n
=
1
1
 
6
.3
5
 (
0
.5
5
) 
n
=
1
5
 
5
.9
4
 (
0
.7
0
) 
n
=
1
1
 
8
 w
e
e
k
s
 (
T
1
) 
m
e
a
n
 (
S
D
) 
n
 
6
.3
2
 (
0
.5
1
) 
n
=
1
1
 
5
.9
7
 (
0
.7
7
) 
n
=
1
1
 
5
.8
2
 (
0
.9
9
) 
n
=
1
0
 
4
.9
9
 (
1
.2
5
) 
n
=
1
1
 
3
.0
7
 (
1
.9
9
) 
n
=
1
0
 
2
.6
2
 (
1
.3
8
) 
n
=
1
1
 
5
.2
8
 (
1
.1
7
) 
n
=
1
0
 
4
.9
8
 (
1
.4
9
) 
n
=
1
1
 
5
.3
6
 (
1
.6
4
) 
n
=
1
1
 
4
.8
0
 (
0
.7
1
) 
n
=
1
1
 
1
.0
6
 (
2
.1
1
) 
n
=
1
2
 
1
.8
4
 (
3
.1
2
) 
n
=
1
0
 
6
.3
2
 (
0
.5
4
) 
n
=
1
1
 
6
.2
1
 (
0
.5
8
) 
n
=
1
0
 
6
.1
3
 (
0
.7
7
) 
n
=
1
1
 
6
.1
1
 (
0
.7
4
) 
n
=
1
0
 
B
a
s
e
li
n
e
 (
T
0
),
 
m
e
a
n
 (
S
D
) 
n
 
6
.2
6
 (
0
.8
8
) 
n
=
1
5
 
5
.2
5
 (
1
.2
6
) 
n
=
1
1
 
5
.5
2
 (
1
.2
0
) 
n
=
1
5
 
4
.6
8
 (
1
.2
2
) 
n
=
1
1
 
2
.6
7
 (
1
.7
8
) 
n
=
1
4
 
2
.6
8
 (
1
.4
0
) 
n
=
1
1
 
4
.5
0
 (
1
.5
5
) 
n
=
1
4
 
5
.0
2
 (
1
.1
0
) 
n
=
1
1
 
4
.8
6
 (
1
.7
4
) 
n
=
1
5
 
4
.6
2
 (
0
.7
6
) 
n
=
1
1
 
1
.0
0
 (
2
.4
3
) 
n
=
1
6
 
1
.5
9
 (
2
.8
2
) 
n
=
1
5
 
6
.0
8
 (
0
.7
6
) 
n
=
1
5
 
5
.9
2
 (
0
.7
5
) 
n
=
1
1
 
5
.9
4
 (
0
.9
9
) 
n
=
1
4
 
5
.6
4
 (
0
.8
6
) 
n
=
1
0
 
V
a
ri
a
b
le
 
M
P
A
M
-R
 I
n
te
re
s
t 
a
n
d
 E
n
jo
y
m
e
n
t 
M
P
A
M
-R
 C
o
m
p
e
te
n
c
e
 
M
P
A
M
-R
 A
p
p
e
a
ra
n
c
e
 
M
P
A
M
-R
 F
it
n
e
s
s
 
M
P
A
M
-R
 S
o
c
ia
l 
P
IS
Q
 T
o
ta
l*
 
P
A
C
Q
1
5
 
P
A
C
Q
6
 
b
o
ld
, 
p
<
0
.0
5
; 
S
D
, 
s
ta
n
d
a
rd
 d
e
v
ia
ti
o
n
; 
C
I,
 c
o
n
fi
d
e
n
c
e
 i
n
te
rv
a
l;
 M
P
A
M
-R
, 
M
o
ti
v
e
s
 f
o
r 
P
h
y
s
ic
a
l 
A
c
ti
v
it
ie
s
 M
e
a
s
u
re
 –
 R
e
v
is
e
d
, 
P
IS
Q
, 
P
ro
b
le
m
s
 i
n
 S
c
h
o
o
ls
 Q
u
e
s
ti
o
n
n
a
ir
e
; 
P
A
C
Q
, 
P
h
y
s
ic
a
l 
A
c
ti
v
it
y
 C
lim
a
te
 Q
u
e
s
ti
o
n
n
a
ir
e
  
113 
 
4.4. Summary and conclusions 
To our knowledge, ParticiPAte CP is the first randomized controlled trial of a participation-
focused therapy aimed to increase participation in PAs in children with CP and adequately 
powered to detect a difference in perceived participation on the COPM. Chapter 4 
presented and discussed the findings for patient-reported outcomes for ParticiPAte CP. 
The following conclusions can be drawn: 
 ParticiPAte CP was effective at improving participant-perceived performance of 
individually-defined PA participation goals when compared to usual care in children 
with CP 8-12 years old GMFCS I-III. This effect was clinically meaningful. 
 All participants were confident that they would achieve their participation goals at 
baseline. Those who received the intervention maintained their level of confidence 
that they would achieve their goal, following clinically meaningful improvements in 
goal performance. Participants who did not receive the intervention (and 
experienced no clinically meaningful change in goal performance) had reduced goal 
confidence at both 8 and 16 weeks follow-up. This finding indicates that ParticiPAte 
CP may act as theorized to support the self-efficacy of children through the positive 
experiences of successful participation and goal achievement. 
 Caregivers who received the intervention reported fewer behavioural barriers and/or 
more facilitators to their child’s participation in PAs immediately following 
ParticiPAte CP compared to caregivers who did not receive the intervention, 
suggesting that the intervention acted to reduce individual barriers to participation 
experienced by parents and their children. 
 Changes in PA participation goal performance did not translate to increased child-
reported condition-specific QOL or parent-reported community participation. These 
outcome measures however may not have captured the changes expected 
following the intervention due to challenges in self-reporting QOL in children with 
learning and perceptual impairments and long recall periods. 
 
Whilst subjective outcomes are more susceptible to some forms of bias, goal-based 
measures are highly appropriate as primary outcome measures for participation-focused 
interventions9. The COPM, for example, has been used as a primary outcome in paediatric 
rehabilitation trials30,31,34,42 as it reflects exactly what children, families, and therapists hope 
to gain. Participation is also a highly individual construct (one with specific meaning to 
each individual), and therefore is difficult to capture on item-based measures. It remains 
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necessary however to determine whether child and parent-perceived changes in 
participation translate into change in objectively measured PA behaviours. 
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Chapter 5. Randomized controlled trial – habitual physical activity 
 
5.1. Introduction to Chapter 5 
Chapter 5 comprises the paper entitled “Participation-focused therapy to increase habitual 
physical activity level in children with cerebral palsy”. This paper addresses one of the 
secondary aims of the ParticiPAte CP study: to determine whether increased participation 
in PAs leads to increased HPA of children with CP. 
 
Statement of contribution to the publication: 
Contributor Statement of contribution 
Author Sarah E Reedman (Candidate) Conception and design (55%) 
Analysis and interpretation (60%) 
Drafting and production (65%) 
Author Roslyn N Boyd Conception and design (15%) 
Analysis and interpretation (12.5%) 
Drafting and production (10%) 
Author Stewart G Trost Conception and design (5%) 
Analysis and interpretation (5%) 
Drafting and production (5%) 
Author Catherine Elliott Conception and design (5%) 
Analysis and interpretation (0%) 
Drafting and production (0%) 
Author Leanne Sakzewski Conception and design (20%) 
Analysis and interpretation (12.5%) 
Drafting and production (20%) 
 
This paper was first submitted to Medicine & Science in Sports & Exercise on March 21 
2018. It was subsequently combined with the results presented in Chapter 4, becoming the 
paper entitled “A randomized waitlist controlled trial of a participation-focused therapy 
intervention to increase physical activity through meaningful participation in children with 
cerebral palsy”. This paper was first submitted to Archives of Physical Medicine and 
Rehabilitation on May 31 2018 (2016 impact factor: 3.289) and is currently under review. 
The combined paper is attached in Appendix 3.  
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Results from this chapter were presented orally at the 9th Biennial Conference of the 
Australasian Academy of Cerebral Palsy and Developmental Medicine (AusACPDM), 
March 21-24 2018, Auckland, New Zealand. 
 
5.2. Paper 4: “Effect of participation-focused therapy on habitual physical activity 
in children with cerebral palsy” 
 
Authors: Sarah E Reedman, Roslyn N Boyd, Stewart G Trost, Leanne Sakzewski 
 
ABSTRACT 
Purpose This randomized controlled trial aimed to compare the efficacy of participation-
focused physiotherapy (ParticiPAte CP) to usual care on habitual physical activity (HPA) in 
children with cerebral palsy (CP). 
Methods Children with CP Gross Motor Function Classification System (GMFCS) I-III, 8-
12 years were randomly allocated to ParticiPAte CP (n=18) or waitlist usual care (n=19). 
ParticiPAte CP was an 8-week goal-directed, participation-focused therapy to overcome 
barriers to participation in leisure-time PAs. Children wore one ActiGraph™ GT3X+ on the 
right hip at three or four (waitlist only) time points. Time spent in moderate-vigorous PA 
(MVPA) was determined with validated GMFCS-specific cut points on vertical axis counts 
in 15-second epochs. Average min·day-1 of MVPA was compared between groups 
(generalised estimating equations). T-tests were used on pre-post data in both groups to 
explore differential response to treatment in low active children (<60 min·day-1 of MVPA) 
versus those meeting Australian PA guidelines (≥60 min·day-1) at baseline. 
Results There were no statistically significant differences between the intervention and 
waitlist groups on min·day-1 MVPA at 8 (estimated mean difference [EMD]=1.17, p=0.874, 
95% CI=-13.27 to 15.61) or 16 weeks (EMD=1.59, p=0.819, 95% CI=-12.02 to 15.20). 
There was a statistically significant difference in response to intervention between 
participants who were low active versus meeting guidelines (EMD=15.85, p<0.0061, 95% 
CI=3.80 to 27.89). Following ParticiPAte CP, low active participants had increased 
average MVPA by 5.98 (SD=12.16) min·day-1. 
Conclusion Children with CP with lower MVPA at baseline achieved a significantly greater 
response to ParticiPAte CP than children who already met PA guidelines. Increasing 
participation in PAs may be an effective way to increase MVPA in low active children with 
CP however an adequately powered study is required.  
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INTRODUCTION 
Cerebral palsy (CP) is the most common physical disability in childhood1. Children with CP 
are at greater risk for physical inactivity including reduced time spent in MVPA and 
increased sedentary behaviour when compared to typically developing children2. Low HPA 
in childhood increases the risk of poor cardio-metabolic outcomes and bone fractures3. 
Disabling secondary health conditions may be particularly detrimental to people with CP, 
who may show advanced signs of aging in adulthood4. 
 
Previous research into PA-enhancing interventions in children and youth with CP have 
utilized physical training programs to improve physical capacity (strength, endurance etc.) 
under the premise that this will lead to an improvement in HPA5. There is level I evidence 
that physical training alone does not lead to improvements in HPA in children and youth 
with CP5. Australian guidelines recommend that all children aged five to 12 years need to 
accumulate at least 60 min·day-1 of MVPA for healthy growth and development6. Notably, 
whilst children with CP perform less MVPA, typically developing children in suburban 
Australia are also not meeting HPA guidelines (33 min·day-1 in a sample of n=491 children 
9-11 years old)7. This suggests that other factors common to all children with low levels of 
MVPA (with and without CP) may also be important targets for PA interventions.  
 
One potentially modifiable factor is participation in leisure-time PAs. Children with CP 
participate in fewer PAs, less often, and are less involved in those activities than typically 
developing children8-11. Two studies offer preliminary evidence that participation in PAs 
and HPA are correlated in children with CP12,13. One cross-sectional study in the 
Netherlands identified that weekend sports participation was associated with increased 
weekend MVPA on average for children with CP who could walk12, and an Australian 
cross-sectional study identified a similar correlation between parent-reported community 
participation and min·day-1 MVPA and sedentary time13. Therefore, an intervention that 
aims to increase participation in PAs may improve HPA in children with CP. Interventions 
including a behaviour-changing component may have the best potential to improve HPA in 
children and young people with CP5. These interventions use strategies that aim to modify 
behavioural barriers to increasing the level of MVPA and/or decreasing sedentary time, 
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including barriers to participation in leisure-time PAs. 
 
The present study was a randomized waitlist-controlled clinical trial of a therapy 
intervention that aimed to improve participation in leisure-time PAs for children with CP. 
ParticiPAte CP was goal-directed, individually tailored, and utilised a toolbox of strategies 
to target modifiable barriers to participation in PAs. The main outcome of the trial was 
performance and satisfaction with performance on self-selected leisure-time PA goals14. 
Children who received ParticiPAte CP demonstrated a significant and clinically meaningful 
increase in goal performance, indicating that they perceived increases in their frequency 
and/or involvement in participating in their PA goalsa. Given the potential link between 
participation and HPA in children with CP, it was hypothesized that children who received 
eight weeks of ParticiPAte CP would secondarily demonstrate i) significantly more 
min·day-1 MVPA and ii) fewer min·day-1 sedentary time on average compared to a waitlist 
control group who received usual care.  
 
METHODS 
The study methods have previously been described in detail14. The Human Research 
Ethics Committee of the Children’s Health Queensland Hospital and Health Service 
(HREC/15/QRCH/162) and the University of Queensland Medical Research Ethics 
Committee (2015001609) approved the study and the trial was prospectively registered 
(ACTRN12615001064594). Caregivers provided written, informed consent for themselves 
and their child to participate in the study. 
 
Participants 
See Figure 5a for study flow. Two hundred and twenty-nine children with CP, eight to 12 
years of age, GMFCS I-III, and living within 200 km of South Brisbane, Australia were 
assessed for eligibility. Thirty-seven eligible children with CP and their primary caregiver/s 
were enrolled. The average age of participants was 10.0 years (SD=1.4 years), there were 
18 males (49%), 34 (92%) participants had a spastic motor type, and most participants 
were classified at GMFCS I (GMFCS I=21, II=9, III=7). Exclusion criteria were i) unstable 
medical conditions preventing safe participation in community PAs; ii) orthopaedic and/or 
                                            
a Results presented in Chapter 4, Paper 3: “A randomized trial of participation-focused therapy to increase 
leisure-time physical activity participation in children with cerebral palsy”  
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neurological surgery in the preceding 6 months; iii) moderate to severe intellectual 
disability (IQ<5015); iv) moderate to severe communication impairment (Communication 
Function Classification System16, CFCS IV-V) or; v) severe visual impairment/blindness.  
 
Participants underwent stratified randomization (GMFCS I-II vs. III and male vs. female) to 
either i) ParticiPAte CP (n=18) or ii) waitlist usual care (n=19). Randomization was 
determined by non-study personnel using a computer-generated random number 
sequence. Allocation was concealed to both the treating/assessing physiotherapist and the 
participants using opaque envelopes until the baseline primary outcome was complete, 
however baseline accelerometry (discussed below) was performed after disclosure. 
Participant characteristics are presented in Table Va. There were no apparent differences 
in baseline characteristics between groups. 
 
[Insert Table Va Participant characteristics at baseline] 
 
Design 
Refer to the published protocol14 for complete details about the intervention content. 
Participants in the ParticiPAte CP group received eight face-to-face physiotherapy 
sessions (once per week for eight weeks), followed by an eight week follow-up period. The 
first and last sessions incorporated goal setting and goal scoring respectively, whilst the 
middle six sessions were comprised of an individualized package of evidence-based 
therapy treatment strategies targeted towards participant-specific barriers to their self-
identified PA goals. One physiotherapist delivered the intervention and it was conducted in 
the participants’ home and community setting. The intervention was pragmatic and highly 
tailored, however common elements across participants included:  
 a clinical reasoning framework informed by the Theoretical Domains Framework 
(TDF)17 and Behaviour Change Technique Taxonomy v118, to match modifiable 
barriers to goal achievement with effective treatment strategies,  
 communication techniques consistent with Motivational Interviewing (MI)19,  
 sport-specific functional training utilizing motor learning techniques, and  
 context/environment focused strategies (e.g. equipment prescription, site visits 
etc.). 
Participants in the intervention group also received unrestricted usual care which included 
physiotherapy, occupational therapy, speech-language therapy, exercise physiology, 
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hippotherapy, and educational psychology 
 
Waitlist 
The waitlist group received usual care for 16 weeks in addition to face-to-face goal setting 
at baseline and goal scoring at weeks eight and sixteen. The waitlist group received 
ParticiPAte CP after the 16-week randomized controlled trial period (Figure 5a). All primary 
and secondary outcomes were collected again at 24 weeks for the waitlist group only 
(post-intervention for waitlist). This meant that a pooled pre-post dataset was also 
available consisting of all participants (in both groups) who had valid data prior to and 
following receipt of ParticiPAte CP. 
 
Usual care diaries were returned by thirty-one (83.8%) caregivers. Children in both groups 
received very limited usual care, and there were no between-group differences in dose of 
usual care. Approximately half of children received no physiotherapy (n=18, 48.6%) or 
occupational therapy (n=19, 51.4%) during the randomized study period (0-16 weeks). An 
online questionnaire was completed by caregivers pre-baseline to provide information 
about participant characteristics including socio-economic and demographic details (Table 
Vb). Parents reported classification measures (GMFCS, Communication Function 
Classification System (CFCS), Manual Ability Classification System [MACS]) and motor 
type/distribution, which was then confirmed by the physiotherapist on initial assessment. 
 
[Insert Figure 5a ParticiPAte CP Study flow diagram (CONSORT flowchart) of intervention 
and outcome measures, accelerometer data] 
 
Procedure 
Participants were asked to wear one ActiGraph GT3X+ (ActiGraph LLC, Pensacola, FL) 
device on an elastic strap, secured firmly but comfortably around the waist above the iliac 
spines at the mid-axilliary line on the right side. Devices were initialized according to 
manufacturer’s instructions with a 30Hz sampling rate. For each episode of measurement 
(baseline, 8 weeks, 16 weeks and post-waitlist for the wait-list group only at 24 weeks) 
participants were instructed to wear the monitor during waking hours for seven 
consecutive days (consisting of two weekend days and five weekdays where possible). 
The baseline measurement period was conducted immediately after COPM goal setting 
and unmasking of allocation. This was for pragmatic reasons (it was not feasible to 
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conduct two baseline assessments) and additionally in recognition that participants were 
aware that their physical behaviour was being monitored by the nature of wearing the 
accelerometer (this bias cannot be eliminated by blinding). Caregivers (n=28 75.7%) 
recorded device on and off times in an activity diary in addition to frequency and duration 
of water-based activities and cycling. The majority of caregivers however, did not complete 
recording of swimming and cycling activities (diaries were incomplete on visual inspection). 
A valid wear day was at least 10 hours; episodes with at least 1 valid wear day were 
included in analyses (there were no significant differences following a sensitivity analysis 
removing participants with one or more episodes of ≤2 valid wear days). This is a 
departure from the protocol, in which a valid day was described as ≥4 hours and for which 
≥4 days were required. Due to the small resultant sample size, this change in criteria 
enabled inclusion of maximal participant data in longitudinal analyses by reducing the 
number of required days but increasing the minimum required wear time to 10 hours20. 
Data were downloaded and visually inspected using ActiLife version 6.13.3 software 
(ActiGraph LLC, Pensacola, FL). A customized Microsoft Excel macro (Microsoft 
Corporation, Redmond, Washington) was used to identify non-wear periods (identified by 
intervals with at least 60 minutes of consecutive zero counts with allowance for 1-2 mins of 
non-zero counts <25 counts per 15 seconds), wear time and PA intensity based on vertical 
axis counts in 15-second epochs with validated GMFCS-specific cut points21. Whilst the 
ActiGraph GT3X+ is a tri-axial accelerometer, the decision tree model for GMFCS-specific 
cut points using vertical axis counts appears to perform slightly better than the model using 
vector magnitude21. Therefore, the vertical axis count model was used in the present 
study. 
 
Statistical analysis 
The primary outcome for the present study determined the sample size calculation 
(Canadian Occupational Performance Measure [COPM]22 goal performance). Each group 
required 11 participants to detect a clinically significant change of at least 2 points with a 
power of 80% and α=0.05, based on a SD of 1.7 from similar populations14,23. The 
following results therefore represent exploratory analyses on this small sample to inform 
future adequately powered studies. Continuous outcomes were visually inspected for 
normality; some variables were not normally distributed however, regression diagnostics 
satisfied the required assumptions. The primary analysis followed an intention-to-treat 
principle. Estimated mean difference (EMD, difference between group means at a given 
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time point) was determined with generalized estimating equations (Gaussian distribution, 
identity link, exchangeable correlation matrix) to account for repeated measures and 
missing data24. Analyses are adjusted for wear time and stratification factors (covariates). 
As waitlist participants also had accelerometry post-waitlist (immediately following 
ParticiPAte CP), a pre-post pooled dataset was available. Participants were divided into 
two categories to determine if there was a differential or ceiling effect of the treatment: <60 
min·day-1 (low active) vs. ≥60 min·day-1 (meeting guidelines) based on the Australian 
guideline for PA for children 5-12 years (CP-specific guidelines at present align with public 
health recommendations25). Data were analysed with Stata/IC 14.2 (StataCorp LP, TX, 
USA). 
  
RESULTS 
There was 89% and 86% retention of participants at the 8 and 16 weeks follow-up 
respectively. Out of 111 possible monitoring periods (one monitoring period is the 1-7 day 
sample provided from each participant up to three times at baseline, eight and 16 weeks), 
valid wear data were available for 76 periods (68.4%). Reasons for missing periods 
between baseline and 16 weeks included refusal to wear device (n=12 periods), 
participant had dropped out at the time of monitoring period (n=11 periods), family 
circumstances (n=10 periods), and inadequate wear time or battery depletion (n=2 
periods). Participants achieved mean 5.87 (SD=2.29) and 5.29 (SD=1.77) days of wear at 
baseline for ParticiPAte CP and waitlist groups respectively. There were no statistically 
significant differences in days of wear or wear time for valid monitoring periods between 
intervention and waitlist groups at baseline, eight and 16 weeks (2 sided t-test p>0.05, 
Table Vb). On visual inspection, weekend days were not more likely to be missing than 
weekdays. There were no differences in baseline characteristics between participants 
missing none or one monitoring period compared to ≥2 monitoring periods. Number of 
participants with at least one valid monitoring period able to be included in analyses, and 
wear time by group allocation is located in Table Vb. 
 
There were no significant differences between groups on any of the primary outcomes of 
interest at both 8 and 16 weeks, including time spent in MVPA (Table Vb, 8 week 
EMD=1.17, p=0.874, 95% CI=-13.27 to 15.61, 16 week EMD=1.59, p=0.819, 95% CI=-
12.02 to 15.20). At baseline across both groups, children at GMFCS I (n=18) had mean 
47.6 (SD=20.4) min·day-1 MVPA, compared to children at GMFCS II (n=6, mean=68.9 
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SD=15.2) and GMFCS III (n=5, mean=50.7 SD=22.3). The effect of GMFCS on min·day-1 
MVPA was not significant at p<0.05 (F(2, 26) = 2.61, p=0.0925). At baseline, eight of 15 
participants (53%) were already meeting Australian guidelines for PA in the intervention 
group versus three of 14 (21%) in the waitlist group (Fisher’s exact=0.128, p=0.082). 
There was no significant relationship between baseline MVPA and child GMFCS, age, sex, 
socio-economic status, or presence of comorbid diagnosis/es. 
 
When the pre-post pooled dataset of n=24 was interrogated, there was a statistically 
significant difference in response to intervention between participants who were low active 
compared to those already PA meeting guidelines (EMD=15.85, p<0.0061, 95% CI=3.80 
to 27.89). Low active participants had an increase in average daily MVPA of 5.98 
(SD=12.16) min·day-1 immediately post-intervention, corresponding to an additional 14% 
of baseline or 42 min·week-1. 
 
[Insert Table Vb Observed data and analyses by group and time point for habitual physical 
activity outcomes] 
 
DISCUSSION 
ParticiPAte CP, a behaviour-changing, participation-focused physiotherapy intervention, 
was designed to increase participation in leisure-time PAs in children aged 8-12 with CP 
who could walk with or without aids. The effect on perceived performance of participation 
in PAs did not translate into increased min·day-1 MVPA as measured by 7-day 
accelerometry. Low active children with CP who did not meet PA guidelines at baseline, 
however, exhibited a significant increase in MVPA in response to ParticiPAte CP 
compared to children who already performed ≥ 60 min·day-1 MVPA. Most children in the 
study set goals relating to ‘attendance’ at PAs of choice (how many times they would like 
to do the activity over a period of time such as a week, Chapter 4 Table IVd). Children 
could therefore be plausibly expected to participate in about 2 additional hours of PAs per 
week. If approximately 1/3 of this time can be attributed to MVPA26, an extra 40 min∙week-1 
(~6 min∙day-1) of MVPA may be expected. The effect size of ParticiPAte CP on low active 
children was therefore clinically significant. Participants in both groups had moderate 
levels of MVPA at baseline when GMFCS-specific cut points were applied to the sample. 
 
To our knowledge, this is the first intervention or cross-sectional study utilizing Trost et 
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al.21 GMFCS-specific cut points. The GMFCS is an evidence-based 5-level classification 
system that describes typical performance of ambulation and/or what assistive devices are 
used for mobility and transport by the child27. For example, children at GMFCS I walk in all 
settings and may run, hop and jump with some limitations, whereas children at GMFCS II 
walk with limitations and have at best minimal ability to perform more complex gross motor 
skills27. Children with CP have a significantly higher energy cost of walking than typically 
developing children and energy cost increases with increasing GMFCS level28. Use of 
intensity-related cut points validated with typically developing children (or samples 
including few participants with CP at GMFCS II and III) may significantly underestimate 
actual energy expenditure during PAs in samples of children GMFCS I-III21. Validated 
GMFCS-specific cut points are less likely to misclassify activity intensity for children with 
GMFCS II and III using vertical axis counts with hip worn devices21. 
 
High daily MVPA in this sample analysed with GMFCS-specific cut points indicate that 
ambulant children with CP in Australia, particularly those at GMFCS levels II and III, may 
be accumulating more MVPA than previously estimated. For example, a recent cross-
sectional study of 102 children 8-17 years old with unilateral CP (GMFCS I-II) in eastern 
Australia found that children completed 44 min·day-1 (SD=26) of MVPA, based on hip-
worn, multi-day tri-axial accelerometry but with non GMFCS-specific cut points29. 
Differences between estimates of HPA between studies may be due to differences in 
sensor properties, wear location, or choice of cut points. Current trends in analysis of 
objective HPA data suggest that machine learning approaches such as artificial neural 
networks for activity class recognition may offer better means to accurately estimate both 
intensity of HPA and detect activity type (e.g. walking vs. aerobic sports vs. cycling)30. It 
remains however difficult to compare population estimates of HPA and the efficacy of PA-
enhancing interventions in children and young people with CP. 
 
Despite a substantial number of moderate to high quality studies, very few interventions 
have demonstrated efficacy to increase MVPA in any population of children and youth. 
Characteristics of more ‘successful’ interventions appear to include; multicomponent 
nature5,31, addresses more than one setting or context (e.g. school plus family or 
community)31, addresses the role of adults in providing opportunities for PA or education 
children32 and utilizes children’s intrinsic motivation for play32. Many PA-enhancing 
interventions are school-based31; ParticiPAte CP was directed at participation in leisure-
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time PAs outside school hours in the neighbourhood and community. Opportunities for 
HPA occur throughout the entirety of waking hours, including the possibility for non-leisure 
forms of PA such as active transport, household chores, or self-care. Children and adults 
with CP spend 76-99% of their waking hours in sedentary behaviour25. Opportunities to 
replace sedentary time with any activity intensity, rather than simply to add MVPA may 
also be beneficial for the health of people with CP25. 
 
The present study has limitations affecting interpretation and generalizability of results. 
This study was powered to detect a difference on the primary outcome of performance of 
PA participation goals but not to detect a difference between groups in min·day-1 MVPA. 
The differential effect on participants meeting versus not meeting HPA guidelines suggests 
that specifying an exclusion criterion of very high MVPA at baseline and/or recruiting a 
sufficiently large sample will be required to detect an intervention effect in primary 
analyses. Additionally, it is possible that the trend for between group differences at 
baseline on min·day-1 MVPA may have impaired the ability to detect an intervention effect 
in the small sample, as there were substantially more participants already meeting 
Australian PA guidelines in the intervention group compared to waitlist. Furthermore, about 
20% of the maximum possible accelerometry periods were missing, primarily due to 
refusal to wear the device around the hip or participant drop-out and imputation was not 
possible. Accelerometer placement on the wrist is potentially more acceptable 
(comfortable and socially acceptable) than the hip, leading to increased wear time and 
compliance33. All participants who refused to wear devices had a confirmed or suspected 
additional comorbid diagnosis of Autism Spectrum Disorder and presented with self- 
and/or parent-reported sensory sensitivity. When cut point methods are used, wrist 
placement demonstrates poor accuracy of intensity classification compared to hip 
placement in typically developing children 5-12 years34. Activity class recognition 
algorithms based on pattern recognition are less dependent on wear location and have 
demonstrated acceptable classification accuracy in typically developing children 3-6 
years35 and 7-18 years36. Activity class recognition is designed to detect mode of activity 
(e.g. running vs. cycling) and more accurately assign intensity of that activity36. Wrist wear 
location with activity class recognition is not yet validated in children with CP, so this work 
is required in addition to methods to improve compliance with prolonged wear in children 
with CP and/or Autism37. 
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ActiGraph GT3X+ devices are not waterproof and cut point methods utilizing vertical axis 
counts and hip wear location are likely to underestimate the intensity of cycling38. Activity 
diaries were not completed with sufficient detail to estimate the MVPA associated with 
swimming and cycling in this study, so it is possible that for a significant number of 
participants MVPA was underestimated. Additionally, whilst participant socio-economic 
status was equally distributed across groups, all participants lived within 200 km of a major 
metropolitan city. Parents of typically developing children in rural settings report that 
reduced variety of available activities is a barrier to their child’s PA participation39; this may 
be compounded for children with a physical disability living in rural and low-resource 
settings. 
 
Whilst the sample appears to be representative of the population, a larger sample would 
facilitate exploration of a differential effect by GMFCS level. Children with GMFCS IV and 
V have almost no MVPA and greater sedentary behaviour compared to ambulant children 
with CP25. Testing the effect of this intervention in non-ambulant children is therefore of 
importance, however there are challenges in the placement of accelerometers in this 
group. Children at GMFCS IV and V are typically transported in wheelchairs or use 
powered mobility and therefore there is likely to be little perturbation to an accelerometer 
worn at the hip, even if there is energy expenditure associated with propulsion40. Utilising 
activity class recognition approaches to identify periods of activity corresponding to 
participants’ goals (e.g. recumbent cycling) may therefore be a more feasible outcome 
measure than total MVPA. 
 
In conclusion, whilst the ParticiPAte CP intervention led to significant and clinically 
meaningful improvements in performance of community participation goals, this did not 
translate to increased daily MVPA, light PA, or change in sedentary behaviour in children 
with CP 8-12 years. Secondary analysis revealed that the intervention may potentially be 
effective in children not already performing 60 min·day-1 of MVPA, and that this effect 
could be clinically meaningful. This has implications for future research into PA-enhancing 
interventions in this population. 
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5.3. Figures and tables 
Figure 5a ParticiPAte CP Study flow diagram (CONSORT flowchart) of intervention and 
outcome measures, accelerometer data 
 
Assessed for eligibility n=229 
Excluded n=192 
 Not meeting inclusion criteria 
n=30 
 Declined to participate n=20 
 Undecided n=22 
 Recruitment target reached 
n=120 
T1 8 weeks n=18 
Retention 100% 
T0 Baseline n=18 T0 Baseline n=19 
Enrolled in study n=37 
Stratified randomisation 
ParticiPAte CP n=18 Waitlist control n=19 
T1 8 weeks n=15 
Retention 78.9% 
Withdrew n=4 
 Family reasons 
n=3 
 Withdrew consent 
n=1 
T2 16 weeks n=17 
Retention 94.4% 
T2 16 weeks n=15 
Retention 78.9% 
Withdrew n=1 
 Surgery n=1 
Device wear periods 
0 weeks:  15 (83.3%) 
8 weeks: 13 (72.2%) 
16 weeks: 13 (72.2%) 
Device wear periods 
0 weeks: 14 (73.7%) 
8 weeks: 9 (47.4%) 
16 weeks: 12 (63.2%) 
24 weeks: 12 (63.2%) 
Reasons missing 0-16 
weeks 
 Participant refusal 
n=12 
 Participant 
dropped out at 
time n=11 
 Family 
circumstances 
n=10 
 Inadequate wear 
time n=2 
Potential participants n=229 
Identified on clinical database 
n=101 
Identified on research 
database n=128 
Ineligible n=80 
ParticiPAte CP n=15 
T3 24 weeks n=15 
Retention 78.9% 
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Table Va: Participant characteristics at baseline 
 ParticiPAte 
CP 
(n=18) 
Waitlist 
control 
(n=19) 
Child characteristics  
   Males; n (%) 
   Age; mean (SD) 
 
8 (44.4) 
9.82 (1.53) 
 
10 (52.6) 
10.13 (1.31) 
Distribution; n (%)  
   Unilateral 
   Bilateral 
 
9 (50.0) 
9 (50.0) 
 
8 (42.1) 
11 (57.9) 
Motor type; n (%) 
   Spastic 
   Other 
 
17 (94.4) 
1 (5.6) 
 
17 (89.5) 
2 (10.5) 
GMFCS; n (%) 
   I 
   II 
   III 
 
9 (50.0) 
6 (33.3) 
3 (16.7) 
 
12 (63.2) 
3 (15.8) 
4 (21.1) 
Comorbid conditionsa; n (%) 
   None 
   1 comorbid condition 
   2+ comorbid conditions 
 
7 (38.9) 
7 (38.9) 
4 (22.2) 
 
8 (42.1) 
4 (21.1) 
7 (36.8) 
Participating parent/s; n (%) 
   Mother 
   Father 
   Bothb 
 
14 (77.8) 
0 
4 (22.2) 
 
12 (63.2) 
3 (15.8) 
4 (21.1) 
Annual household income; n (%) 
   <AUD 25 000 
   AUD 25 000-49 999 
   AUD 50 000-74 999 
   AUD 75 000-100 000 
   >AUD 100 000 
   Prefer not to say 
 
1 (5.6) 
2 (11.1) 
2 (11.1) 
4 (22.2) 
8 (44.4) 
1 (5.6) 
 
3 (15.8) 
2 (10.5) 
4 (21.1) 
4 (21.1) 
5 (26.3) 
1 (5.3) 
GMFCS, Gross Motor Function Classification System; a, 
comorbidities include epilepsy, asthma, Autism Spectrum 
Disorder, Attention Deficit Hyperactivity Disorder, intellectual 
disability, learning disability, and sensory impairment; b, where 
both parents participated, the designated primary caregiver was 
always the mother; AUD, Australian Dollars 
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5.4. Summary and conclusions 
To our knowledge, this is the first randomized controlled trial of a participation-focused 
intervention aimed to increase HPA in children with CP. Chapter 5 presented and 
discussed findings from the objective monitoring of HPA within the ParticiPAte CP study. 
Children with CP GMFCS I-III not already meeting Australian HPA guidelines benefitted 
from the intervention compared to children already performing ≥60 min∙day-1 MVPA. There 
were no between-group differences in average min∙day-1 MVPA or sedentary time. 
 
Most children set goals to increase their frequency of attendance at up to three PAs 
(generally 1-3 times per week) and furthermore a majority of these children perceived that 
they ‘achieved’ these goals (Chapter 4). Theoretically, the effect size on MVPA 
demonstrated in this study for low active children (6.0 min∙day-1 = 42 min∙week-1) is 
therefore plausible given the hypothesized mechanism of action that increasing 
participation in PAs provides additional opportunity to accumulate MVPA. A sample size of 
at least n=176 or n=88 per group would be required to detect a between-groups difference 
of approximately 8.5 min∙day-1 = 60 min∙week-1 = ES 0.57 [moderate effect, cohen’s d] 
based on a SD of 20 min∙day-1, α=0.05, power=0.80 (Stata/IC 14.2).  
 
Challenges associated with the measurement of HPA using accelerometry in children and 
youth with CP were discussed, including device placement in the context of compliance, 
use of mobility aids, and data reduction methods (GMFCS-specific vertical axis cut points 
versus activity class recognition algorithms). Interestingly, participants appeared to be 
more active overall than previously estimated, particularly those at GMFCS levels II and III. 
The constellation of findings suggests that looking at the effect of a behaviour-changing 
intervention on min∙day-1 MVPA or sedentary time may be overly simplistic, and miss the 
‘real’ effect of the treatment, which could be to change the mode or patterns of activity. 
Utilising newer methods of data reduction such as activity class recognition algorithms 
may both decrease the sample size required and enable objective detection of change in 
mode of PA participation. 
 
5.5. Systematic review update 
Since the finalisation of the systematic review in Chapter 2, further evidence has become 
available that complements the results of the present study in Chapters 4 and 5. An invited 
commentary of the systematic review by Dr Jan Willem Gorter noted “interventions with a 
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behavioural component were identified to have the best potential to improve PA 
participation”41. Similarly, he wrote that “health development occurs through positive 
person-environment transactions, requiring an inclusive environment for children and 
young people of all skill levels and abilities”41. These comments summarize what is now 
known about the nature of participation, i.e. that it is more significantly influenced by non-
impairment personal factors (behaviour, motivation, affect, preferences) and environmental 
and contextual factors (social norms, availability of programs, physical accessibility etc.) 
than it is by a person’s health condition or disability. The ParticiPAte CP study was 
designed with this assumption in mind. The methodology represented a significant 
departure from randomized studies in the original systematic review, both in the way that 
barriers were understood and subsequently targeted from the perspective of the individual 
child and their family (instead of being assumed and a recipe-based treatment applied), 
and the way that the intervention was delivered in the context of the child and family. In 
addition to ParticiPAte CP, there has been one further randomized trial and two non-
randomized studies published with an aim to increase participation in PAs in youth with 
disabilities42-44. An additional non-randomized trial of participation-focused therapy has 
also been published45; however, it is not specific to PAs. 
 
The randomized trial (Gibson et al.) tested the efficacy of a 12-week running skills training 
program on running ability (Goal Attainment Scaling, GAS), high-level mobility and balance 
(High-Level Mobility Assessment Tool, HiMAT), and participation (PEM-CY) in n=42 
children with CP GMFCS I-III mean age=12.4 SD=2.7 years, compared to usual care42. 
There were no significant between-groups differences on any outcome, except running 
skills GAS T-score (EMD=22.4, p<0.001, 95% CI 16.2-28.5) and average frequency of 
participation in the school setting (PEM-CY EMD=1.2, p=0.045, 95% CI 1.0-1.4)42. There 
was no effect on average frequency of participation or involvement in the community 
setting (PEM-CY) and it was not possible to determine whether the change in school 
participation was clinically meaningful42. Additionally, outcomes were measured 
immediately post-intervention only, and therefore it is unclear whether there is a retention 
of treatment effect42. A significant limitation is that no standalone measure of participation 
in PAs (as opposed to other leisure-time activities) was employed, and therefore it would 
not have been able to be included in the original review.  
 
One non-randomized study (Lauruschkus et al.) tested the feasibility and efficacy of 
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Physical Activity on Prescription (PAP) in n=11 children aged 7-11 years old with CP. It 
was a pre-post, pragmatic study of a PA behaviour-changing intervention which included 
goal setting, counselling (face-to-face meetings, telephone calls, e-mails or text message), 
behaviour monitoring (logbooks), and feedback over a period of approximately eight 
months44. PAP did not include any skills training elements, and there was no description of 
any other strategies directed to other barriers to PA behaviour change (for example, 
provision of information or contact with local community providers). There was evidence of 
feasibility and acceptability of the intervention and potential efficacy on the main outcome 
of COPM and GAS goal performance (measures of central tendency and variability e.g. 
means and SD were not reported). When included in a new meta-analysis with MVPA 
outcomes and the results of this thesis presented in Chapter 5, it enhances the conclusion 
drawn in the original systematic review that interventions including a behaviour-changing 
component are more effective at increasing HPA of children with CP (Figure 5b). 
Subgroup analysis excluding physical training revealed a moderate, significant effect on 
MVPA (n=3, participants=83, SMD=0.52, 95%CI: 0.07 to 0.96, p=0.02). 
 
Figure 5b Meta-analysis: Efficacy of Physical Activity Intervention vs Control on MVPA 
minutes over a period of time (with sub-group analysis) 
 
The other non-randomized trials completed since the finalisation of the systematic review 
are highly relevant to the outcomes therein, however would not have met the original 
Study or Subgroup
3.1.1 All studies
Lauruschkus et al.
Maher et al.
Mitchell et al.
Reedman et al.
Subtotal (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 3.78, df = 3 (P = 0.29); I² = 21%
Test for overall effect: Z = 1.62 (P = 0.11)
3.1.2 Behaviour-changing Interventions
Lauruschkus et al.
Maher et al.
Reedman et al.
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.55, df = 2 (P = 0.46); I² = 0%
Test for overall effect: Z = 2.29 (P = 0.02)
Test for subgroup differences: Chi² = 0.54, df = 1 (P = 0.46), I² = 0%
Mean
106
210.4
43
51.28
106
210.4
51.28
SD
53
76.2
25
22.45
53
76.2
22.45
Total
10
20
43
13
86
10
20
13
43
Mean
84
146.5
42
46.2
84
146.5
46.2
SD
101
78.4
18
18
101
78.4
18
Total
10
21
39
9
79
10
21
9
40
Weight
14.9%
25.4%
43.9%
15.8%
100.0%
25.2%
47.9%
26.9%
100.0%
IV, Random, 95% CI
0.26 [-0.62, 1.14]
0.81 [0.17, 1.45]
0.05 [-0.39, 0.48]
0.24 [-0.62, 1.09]
0.30 [-0.06, 0.67]
0.26 [-0.62, 1.14]
0.81 [0.17, 1.45]
0.24 [-0.62, 1.09]
0.52 [0.07, 0.96]
PA Intervention Control Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI
-2 -1 0 1 2
Favours [control] Favours [PA Intervention]
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systematic review inclusion criteria: 
 The Pathways and Resources for Engagement and Participation (PREP) trial 
(Anaby et al.)45 
o Did not provide percentage of participants affected by CP 
o Did not provide goal content (to determine percentage of goals that were 
leisure-time PAs) 
 The Local Environment Model (LEM) trial (Willis et al.)43 
o Less than 50% (48%) of participants had CP 
 
Nonetheless, both interventions align with best practice models for participation-focused 
therapy46 including the use of a goal-based primary outcome to measure efficacy in 
performance of meaningful, collaboratively-set participation goals. Both interventions also 
reported statistically significant improvements on the COPM performance subscale that 
were at or above clinically meaningful levels (Willis et al. MD=2.0043, Anaby et al. 
MD=2.0845). A meta-analysis of the effect of published participation-focused and 
behavioural interventions compared to any control revealed a very large, highly significant 
and clinically meaningful effect on perceived performance of participation goals (n=2, 
participants=43, MD=4.11, 95%CI: 3.07 to 5.15, p<0.001, Figure 5c). Participation-focused 
interventions are effective at increasing participation in self-selected leisure-time PA goals 
and ParticiPAte CP is to our knowledge, the first randomized, controlled trial to 
demonstrate this effect. 
Figure 5c Meta-analysis: Efficacy of Participation-focused Intervention vs Control on 
COPM Participation Performance (note: mean difference presented not standardized 
mean difference) 
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Chapter 6. Discussion 
 
6.1. Introduction to Chapter 6 
This chapter presents a summary of findings according to each hypothesis, followed by a 
general discussion contextualising the results with other published research on 
participation-focused therapies for children with cerebral palsy (CP) and 
neurodevelopmental disability. Strengths and limitations of the thesis are discussed, 
followed by implications for translation of knowledge into clinical practice and 
recommendations for future research. 
 
6.2. Overview of findings 
6.2.1. Hypothesis 1 
Interventions aiming to increase activity capacity that contain few elements that act 
to target other barriers to PA behaviour change (e.g. environmental context and 
resources, motivation etc.) will not be effective to increase participation in PAs 
and/or HPA in children aged 5-18 years with CP. 
A systematic review was performed and reported in Chapter 2 to determine the efficacy of 
interventions aiming to increase leisure-time physical activity (PA) participation and/or 
habitual PA (HPA) in children with CP 5-18 years of age, versus any control. Eight studies 
of moderate to high methodological quality were included, the majority being randomized 
controlled trials. Most included participants were ambulant (Gross Motor Function 
Classification System [GMFCS] I-III). The majority of interventions could be classified as 
physical training or skills-based according to their components, which were verified by two 
independent raters. Few interventions contained components that were either explicitly or 
implicitly aimed to modify barriers to participants’ behaviour change other than skills 
(physical capacity). There was a small statistically significant effect of any therapy 
intervention to increase number of steps over a period of time compared with passive 
controls (HPA); however, this effect was not clinically meaningful. Interventions were 
ineffective at promoting participation in physical and skill-based activities. Hypothesis 1 
was therefore supported according to the results of the systematic review and meta-
analysis.  
 
Due to the small number of studies including non-skills behaviour change techniques and 
the lower methodological quality of the sole participation-focused therapy, it was not 
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possible to determine whether primarily behavioural interventions were more effective than 
skills-based physical training interventions to improve HPA and/or participation. A post-hoc 
update of the systematic review with the results of both ParticiPAte CP and a recent pilot 
study of participation-focused therapy suggested that behaviour-modifying interventions 
had the best potential to increase HPA. Participation-focused interventions were also 
demonstrated to be highly effective at improving perceived performance of participation 
goals in a new updated meta-analysis. Limitations in the selection of outcome measures 
were evident across many of the original included studies, and justification was provided 
as to why goal-based outcomes may be more appropriate to capture changes in 
participation in PAs in children with CP, as opposed to item-based outcomes such as the 
Children’s Assessment of Participation and Enjoyment (CAPE). In the context of the 
broader literature, these findings informed the development of ParticiPAte CP, specifically 
the core elements of the intervention, ecological nature, and outcome measures.  
 
6.2.2. Hypothesis 2 
Children receiving ParticiPAte CP will have increased perceived PA participation 
goal performance and satisfaction with performance on the Canadian Occupational 
Performance Measure (COPM) by at least two points, and will have increased self-
efficacy and health-related QOL compared to children receiving usual care. Parents 
will report increased community participation and reduced barriers to participation. 
A randomized, waitlist-controlled trial was undertaken to compare the efficacy of eight 
weeks of ParticiPAte CP with usual care on perceived PA goal performance and 
satisfaction with performance on the COPM, in children with CP aged 8-12 years at 
GMFCS levels I-III. Thirty-seven children enrolled in the study and were randomized to 
either immediate treatment (n=18) or waitlist control receiving usual care (n=19). There 
was 100% retention to eight weeks and 94.4% retention to 16 weeks in the immediate 
treatment group. There was 78.9% retention to eight and 16 weeks in the waitlist group 
(n=15, 78.9%). Most children in the immediate group received the full dose of face-to-face 
therapy over eight weeks (mean=5.83 SD=0.38 home visits out of six plus two goal 
setting/scoring appointments), and there was little to no usual care therapy (physiotherapy, 
occupational therapy, and speech-language therapy) received by children in either group 
in the first 16 weeks.  
 
Children selected PA goals that were meaningful to them, and these activities closely 
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mirrored the most statistically popular PAs amongst all Australian children. On average, 
children who received ParticiPAte CP had significant, clinically meaningful increases in 
COPM goal performance at eight weeks immediately post-intervention compared to those 
receiving usual care. This increase was also maintained at follow-up eight weeks later, 
suggesting that participants still perceived their participation in self-selected PAs 
(frequency or involvement) to be meaningfully higher than at baseline. The statistically 
significant between-group difference in satisfaction with performance was just below pre-
determined levels of clinical significance. 
 
Parents in the intervention group reported significantly fewer behavioural barriers (and/or 
more facilitators) to their child’s PA participation at eight weeks, supporting the mechanism 
of action of ParticiPAte CP. Surprisingly, children in both groups reported moderately high 
levels of confidence (on average) they would achieve their goal (self-efficacy) at baseline. 
This level was maintained on average in children who received ParticiPAte CP, and 
decreased in children in the waitlist group, leading to a significant difference at eight and 
16 weeks. This also indicated support for the underlying premise of the intervention that 
supporting self-determination (of which self-efficacy though ‘competence’ in Self-
Determination Theory [SDT]) is an important part.  
 
Increased perceived performance of PA participation goals did not translate to increased 
parent-reported community participation or child-reported health-related quality of life 
(QOL). There were however limitations in the use of these measures. For example, they 
may not have adequately captured the parameter most likely to change (in the case of 
Participation and Environment Measure – Children and Youth [PEM-CY] given the small 
number of questions about PAs and length of the reference time period). In the case of 
Cerebral Palsy Quality of Life Questionnaire for Children (CP QOL-Child), given the young 
age and prevalence of comorbid conditions in the sample, supplementation of a parent-
report QOL measure would have been ideal. Hypothesis 2 primary outcomes were 
supported and secondary outcomes partially supported. Given the significant change in 
some patient-reported outcomes, it was important to determine whether there was a 
change in objectively measured PA behaviour following the intervention.  
 
6.2.3. Hypothesis 3 
Children receiving ParticiPAte CP will have increased min∙day-1 MVPA, as 
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measured by 7-day hip-worn triaxial accelerometry, on average compared to 
children receiving usual care. Children receiving ParticiPAte CP will also have less 
daily sedentary time following the intervention. 
To determine the effect of the intervention on objectively measured HPA, children wore 
one ActiGraph™ GT3X+ on the right hip. Time spent in moderate-vigorous PA (MVPA) 
was determined with validated GMFCS-specific cut points, to ensure that energy 
expenditure in children with more significant mobility limitations (children at GMFCS II and 
III) was not underestimated. Increased participation did not appear to translate to 
increased min·day-1 MVPA or decreased sedentary behaviour at 8 or 16 weeks. 
Interrogation of paired pre-post data, however, revealed an increase in MVPA by 5.98 
(SD=12.16) min·day-1 in children across both groups who received the intervention and 
were “low active” (not meeting Australian guidelines for HPA at baseline). This indicates 
that the intervention may have the potential to be effective to increase daily HPA in this 
group. Detection of a between-group difference on average min·day-1 MVPA was likely 
limited by inadequate sample size and disparate groups at baseline. Interestingly, children 
at GMFCS II and III appeared to have significantly higher levels of MVPA on average than 
previously estimated1-5. This may mean that previous estimates using non GMFCS-
specific cut points were inaccurate, this sample was more highly active, or a combination 
of both.  
 
There was moderate compliance with measurement (wear time mean=5.12 days out of 
planned seven, and 68.4% of possible wear periods valid). The most frequent reasons for 
missing data was refusal to wear the device, and this was most frequently in children with 
known or suspected comorbid diagnosis of Autism with sensory processing differences. 
Wrist wear location may offer a more acceptable means for accelerometry in free-living 
conditions for youth with CP, and it may also facilitate the transition to activity class 
recognition methods which could better detect change in activity type/mode (i.e. from 
walking to cycling, for example). This may be required as participation-focused 
interventions may act to change the child’s mode of activity, which may relate to a change 
in the daily profile of HPA, but not necessarily the amount spent at one particular intensity 
e.g. MVPA. Hypothesis 3 was therefore not fully supported however, significant future 
directions were identified as a result of exploratory findings. 
 
6.3. General discussion and contextualisation of findings 
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Participation in activities of choice is a human right of all children and remains a critically 
important outcome for children with physical disabilities including CP. Parents of children 
with CP cite participation as an important area for future research, second only to 
prevention of their child’s condition6. The Australian Government National Disability 
Insurance Scheme (NDIS), a new national funding scheme for Australians with permanent 
disabilities under 65 years of age, provides funding for participants to access supports 
such as therapy that will enable them to live an ‘ordinary life’, including participating in 
community activities7. Additionally, personal and community support to facilitate inclusion 
and participation in society is a priority area of the 2010-2020 Australian Government 
National Disability Strategy8. The experience of participation is intrinsically motivating for 
children9. Participation is therefore of high importance to peak government agencies and 
policymakers, and is a direct intervention target that is relevant to children and their 
families. Interestingly, children in ParticiPAte CP, when given free choice, selected 
participation goals that happened to mirror the statistically most popular PA recreation 
goals amongst all Australian children10. This supports the notion that children with CP do 
not have intrinsically different preferences for participation just because they have a 
physical disability. 
 
Participation as the primary target of physiotherapy interventions (rather than a ‘side effect’ 
of treatment), however, is relatively novel. Motor training studies involving children with CP 
have supported the concept of ‘you gain what you train’11. This concept refers to the fact 
that following training, there will be improvements in domains targeted directly by the 
intervention (such as increase in muscle strength following a strength training program). 
There is generally little transfer of improvements to other domains (for example, the 
increase in muscular strength may not be accompanied by changes in walking capacity)11. 
This concept has not previously been applied to participation as an outcome; however, it 
was demonstrated in the systematic review of interventions in Chapter 212. Most included 
studies had a primary aim to reduce impairments or increase activity capacity which in 
many cases was achieved, but there were limited to no corresponding changes in 
participation in PAs and PA behaviours12. Another recent systematic review of 
interventions aimed to increase participation in any type of activity in children with 
disabilities also demonstrated a lack of transfer from improvements in activity capacity to 
participation outcomes13. ParticiPAte CP was primarily aimed to increase children’s 
participation in PAs that were self-selected and meaningful to them. Subsequently, it was 
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important that the intervention elements acted together to target participation itself, and not 
rely on transfer of improvements from other domains. Additionally, ParticiPAte CP was 
required to be delivered in the context of participation (i.e. the child’s home and 
community) given the dynamic and transactional relationship between participation and the 
context in which it occurs14. 
 
The elements of ParticiPAte CP chosen to act together harmoniously to increase 
participation were: goal setting and scoring of participation-focused goals; strategy 
formation and planning; communications guided by principles of SDT using strategies of 
Motivational Interviewing (MI); child-focused strategies; and context/environment-focused 
strategies. These elements were brought together by a clinical reasoning framework 
informed by the Theoretical Domains Framework (TDF)15 and BCT v1.016, to match 
modifiable barriers to participation goal achievement with effective, evidence informed 
treatment strategies. These elements were deliberately chosen in response to best 
available evidence including (i) the findings of the systematic review12, the substantial 
literature describing barriers to physically active leisure participation in youth with CP and 
physical disabilities17, and expert consensus on ingredients for participation-focused 
(participation-based or –centred) interventions18,19. ParticiPAte CP differs from previously 
published interventions in important ways, particularly the delivery of the intervention in the 
child’s context, the use of goal-based outcome measures, and the high degree of tailoring 
used to address individual barriers to participation in a systematic way.  
 
ParticiPAte CP differed from two types of multimodal interventions that described 
behaviour-changing techniques and were included in the original systematic review. For 
example, the LEARN 2 MOVE 7-12 years trial was a randomized controlled trial of a 
‘physical activity and lifestyle’ intervention in n=49 youth with CP, utilising a combination of 
standardized physical training and MI compared to high frequency activity-based usual 
care20. Whilst this trial demonstrated no effect of the intervention on children’s leisure 
participation (as measured by the CAPE), HPA, QOL or self-perception, there were small 
but clinically insignificant effects on a measure of children’s beliefs and attitudes towards 
sports participation (a measure of knowledge about PA benefits and intrinsic motivation)21. 
This demonstrated the potential for MI as a vehicle to modify barriers to change in PA 
behaviour, justifying its inclusion in ParticiPAte CP. The majority of face-face contact within 
LEARN 2 MOVE (1-2x/week physical training) was conducted in a setting outside the 
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child’s usual context of participation. Individual goals related to leisure-time PA 
participation were reportedly set in the MI component of LEARN 2 MOVE, but were not 
included as an outcome measure in the study. There was little to no integration of 
intervention components with each other, and little to no tailoring based on identified goals 
or barriers to participation20-22. These findings reinforce the importance of both the goal-
directed approach to therapy and the measurement of goal performance employed in 
ParticiPAte CP. 
 
The ‘Get Set’ intervention published by Carol Maher et al. was an internet-delivered 
intervention based on social-cognitive theory tested in n=41 adolescents with CP23. 
Bandura’s Social-cognitive theory is an overarching theory to explain human behaviour, 
similar to SDT24. Social-cognitive theory posits that people will act in ways that will lead to 
positive and valued outcomes (and avoid behaviours that lead to negative outcomes), and 
that self-efficacy has a strong causative effect on health behaviour24. ‘Get Set’ included 
feedback, assessment of knowledge, suggested programs for physical capacity training, 
and assessment of barriers with provision of information about strategies that might match 
these, through a website accessed via personal computer23. Like LEARN 2 MOVE, ‘Get 
Set’ reportedly included goal setting for personally meaningful PA goals, however goal 
performance or attainment was not included as an outcome measure23. Combined with 
limitations of HPA measures chosen in the study (uni-axial accelerometry and self-report 
questionnaires), this may have limited the ability to detect actual change in mode of PA 
participation. For example, it would have been unable to detect if participant was 
previously walking, and then following the intervention, replaced this activity with another 
type of activity such as bicycle riding. Additionally, though barriers to change in behaviour 
were also assessed as part of ‘Get Set’, an outcome measure reporting change in self-
reported barriers was also not included. Mediator variables chosen to reflect the grounding 
in social-cognitive theory, such as exercise knowledge, attitudes, self-efficacy and exercise 
intentions, did not significantly change following ‘Get Set’23. 
 
Impairment and activity-focused approaches with limited to no behavioural components 
were demonstrated to be ineffective when used alone to promote participation and/or HPA 
in children with CP12. This was also supported by a further systematic review of the 
efficacy of PA interventions in children with physical disabilities25. Impairment and activity-
focused approaches targeted various parameters of physical capacity of ambulant children 
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and youth with CP including aerobic capacity, strength, coordination, walking endurance, 
and motor skills12. The majority of programs were prescriptive in terms of dose, particularly 
in type of activity, intensity of exercise required, and the number of repetitions or time12. 
They included none to very few elements designed to directly modify behaviours other 
than participants’ skills12. In doing so, they ignored the perceptions of children with 
disability who report that the most pertinent barriers to their participation in PAs are 
environmental factors, such a lack of (or lack of knowledge about) accessible and inclusive 
opportunities26. Impairment and activity-focused approaches therefore fail to recognize the 
nature of participation as inseparable from the context in which it occurs14, and will not be 
effective in changing PA behaviours in persons for whom environmental factors are most 
limiting to participation. Participation-based therapy, as proposed by Robert J. Palisano et 
al., was proposed as a basis to improve therapeutic approaches to facilitating participation, 
by recognition of the salience of environmental factors and the person, activity, 
environment interaction18. This was the first description of a model of participation-focused 
therapy, which is now considered to be a best practice approach in facilitating participation 
for youth with disabilities19. 
 
Two types of participation-focused therapy that align with Participation-based therapy18 
were subsequently tested in non-randomized studies since the ParticiPAte CP trial 
commenced. These included Pathways and Resources for Engagement and Participation 
(PREP)27 and the Local Environment Model (LEM). Both of these interventions, crucially, 
also contained both substantial tailoring and a focus on local context. ParticiPAte CP 
utilised similar strategies to PREP27. These were (i) a step-based model similar to that 
proposed in Participation-based therapy18, (ii) matching barriers to intervention strategies, 
and (iii) the use of an empathetic listening and coaching style of communication in a 
collaborative paradigm27. The PREP intervention was primarily targeted at environmental 
barriers (such as physical inaccessibility, poor community attitudes, and availability of 
equipment)27, whereas ParticiPAte CP was designed to integrate strategies directed 
towards such environmental barriers with strategies targeted towards personal factors 
(including both motivation and activity capacity) where they were needed. As PREP 
required referral to another health practitioner to deliver this second component, the 
inclusion of personal factor-focused strategies in ParticiPAte CP may have reduced 
access-related barriers to the child’s participation goal by addressing as many barriers as 
possible within the one intervention with a single provider. PREP was designed to facilitate 
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engagement and participation in any kind of activity, not just PAs. For example, PAs may 
require the use of physical skills (e.g. overarm throw etc.) that children may not have 
previously developed, whereas a social participation activity such as attending a movie 
with friends does not typically require the development of new physical skills, though may 
require the development of new social skills. If social skills deficit was identified as a 
barrier to participation in PREP, it would still require a referral to another practitioner, as 
opposed to being addressed within the scope of ParticiPAte CP. A trial of 12 weeks (12 x 1 
hour sessions) of the PREP approach in 28 adolescents with moderate physical disabilities 
using an interrupted time series design had a similar effect size on self-reported 
participation goal performance on the COPM to ParticiPAte CP27. This indicates that 
ParticiPAte CP may have similar effectiveness potentially within a shorter timeframe. 
 
The Local Environment Model (LEM), the other model of participation-focused therapy, 
was evaluated in a non-randomized trial of n=92 children. It was conducted at the 
Beitostolen Healthsports Centre (BHC) in Norway, which is a publicly funded rehabilitation 
retreat that aims to increase participation in PAs for people with disabilities in their own 
communities. Children and their families stayed as guests at BHC for 19 days to complete 
a rehabilitation program (which includes participation and instruction in Adapted Physical 
Activities)28. The rehabilitation program is based on principles of family-centred and 
participation-based therapy, and utilises participation itself as an intervention. To ensure 
success was carried over to the child’s usual context, a multidisciplinary team from BHC 
conducted pre- and post-stay outreach and support visits to the child’s health 
professionals, services, and settings in their community28. In contrast to ParticiPAte CP, 
the LEM was intensive (2-5 hrs per day of intervention activities; i.e. 5-12 times more face-
to-face contact time with a clinician) and required ‘inpatient’ services including meals and 
accommodation28. This would require a significant amount of healthcare expenditure, so 
may be unique to the Norwegian context; ParticiPAte CP offers an alternative, less 
intensive model that could be more broadly applicable. 
 
ParticiPAte CP, LEM, and PREP target some modifiable barriers to participation within 
child, context and environment, however are not specifically policy-level interventions. 
Intervening at the level of health and social policy including general public health 
measures may be an effective way to facilitate change in PA behaviour in all people, 
regardless of social disadvantage or disability29. Children with physical disabilities 
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experience additional barriers to participation in PAs and accumulating HPA30. 
Consideration of additional barriers and unique characteristics of people with disability and 
social disadvantage is required in planning for broader public health initiatives to ensure 
that they work effectively across the whole population and do not increase inequality29. 
Recent policy frameworks, discussion papers, ‘report cards’ and similar released by 
Australian peak bodies regarding children’s PA do not specifically mention children or 
people with disability/impairment. These include the Active Healthy Kids Australia 2016 
Report Card on Physical Activity for Children and Young People31, Physical Literacy: 
Informing a Definition and Standard for Australia 2017 discussion paper from the 
Australian Sports Commission32, and the Systematic Review to Update the Australian 
Physical Activity Guidelines for Children and Young People Report prepared for the 
Australian Government Department of Health, 201233.  
 
In 2015 the Victorian Health Promotion Foundation and Victorian Government 
commissioned a comprehensive review of peer-reviewed and grey literature entitled 
Evidence review: addressing the social determinants of inequities in physical activity and 
related health outcomes29. The report notes that PA outcomes are socially distributed, for 
example, people who are less socially advantaged (people with a disability, low socio-
economic status, or indigenous persons etc.) have lower levels of PA and poorer health-
related outcomes on average29. There was some evidence for differential effectiveness of 
health behaviour-changing interventions according to socioeconomic variables; strategies 
that were more effective in people experiencing disadvantage include community-based 
interventions or structural environmental changes29. The review noted however that there 
was a limited evidence base for the effect of PA-enhancing interventions on people with a 
disability29. The best available evidence supported a coordinated approach using 
interventions aimed at both individual (proximal, such as knowledge, skills and motivation) 
variables, and global (distal, environmental such as policy and built environment) variables 
to improve PA and sedentary behaviours in socially disadvantaged populations, including 
people with a disability29. Furthermore, the first two general recommendations of the report 
noted that policymakers should not assume that “what works on the population average 
will work for everyone” (impacts should be investigated across different social groups) and 
that “physical activity/reduced sedentary behaviour intervention actions should include an 
equity focus and be evaluated to ensure they do not exacerbate existing social inequities” 
(p.37)29. This highlights the need for high-level policy documents including reports and 
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guidelines and public health initiatives to specifically address the impact of their 
recommendations or interventions on people with disability. The effectiveness of 
individually tailored, proximal interventions such as ParticiPAte CP may be enhanced by 
such public health initiatives where people with disability have been included in the 
planning and implementation processes. 
 
An adjunct to both distal health policy and proximal interventions are technological 
solutions including mobile apps. Owing to their accessibility and the sheer proliferation of 
mobile devices, they may help to propagate health promotion messages and convey 
information to young people with a disability29. Parents and people with physical disabilities 
report that access to information about available community leisure and recreation 
opportunities is a major barrier to participation30. The Jooay™ app which is currently 
available in Canada, is a free mobile app containing a repository of almost 1000 
recreational opportunities for people with disability in the community, designed to 
overcome barriers in knowledge about service availability34. Activities are geo-tagged, 
allowing map-based searching in many of the most populated Canadian provinces34. 
Users can also search for activities based on a number of criteria that may be important to 
them, including the type of activity (arts, camps, sports or other) and type of disability (e.g. 
physical, sensory, Autism Spectrum Disorder etc.)34. It is not known whether provision of 
an app such as Jooay™ alone is sufficient to change consumer behaviour (i.e. 
participating in new PAs and sustaining this participation). Multi-modal interventions that 
include mediated approaches through technology show promise in facilitating PA 
behaviour change, including in people experiencing social disadvantage (such as disability 
and/or low socioeconomic status)29. 
 
6.4. Strengths, limitations and future directions 
This thesis has many methodological strengths that may facilitate completion of work to 
replicate and build upon the findings, in addition to more rapid translation into daily clinical 
practice. Notwithstanding, there are some limitations which should be addressed which are 
described here. Furthermore, this thesis has identified several future directions that will 
advance the science and practice in participation-focused therapy to enable PA 
participation, and potentially overcome some limitations of the current work. 
 
6.4.1. Evidence base for ParticiPAte CP intervention strategies 
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The systematic review and meta-analysis presented in Chapter 2 was completed in 
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines and the Cochrane Handbook for Systematic Reviews of Interventions 
(internationally accepted gold standard guidelines for conduct and reporting of systematic 
reviews and meta-analyses). The conclusions are robust, as most included studies were of 
high methodological quality, there were several randomized controlled trials with 
concealed allocation and assessor blinding, and there was no evidence of publication bias. 
Due to the small number of trials however (particularly those using participation-focused 
approaches), it was not possible to conclusively determine whether participation-focused 
approaches were superior to impairment- and activity-focused approaches to increase 
HPA or participation in PAs. Some components of the ParticiPAte CP intervention were 
therefore, at the time of conception, based on preliminary evidence from small non-
randomized trials and expert opinion. The systematic review update since completed 
provides confidence, that despite this, the choice of intervention components and 
participation-focused methodology was highly appropriate. Specifically, interventions 
including a behavioural component were demonstrated to be effective to increase amount 
of MVPA over a period of time when analysed as a subgroup of included interventions with 
an MVPA outcome (n=3, participants=83, standardized mean difference [SMD]=0.52, 
95%CI: 0.07 to 0.96, p=0.02). 
 
6.4.2. Reporting, methodology, and intervention length 
ParticiPAte CP was prospectively registered, had concealed allocation, and was the first 
randomized and controlled trial to evaluate the effect of a participation-focused 
physiotherapy intervention in children with CP. Publication of the protocol paper in an open 
access journal (Chapter 3) has enabled the trial methodology and intervention to be 
described in detail. Additionally, intervention strategies have been categorized as 
behaviour change techniques according to the standardized BCT v1.0 in Table IVa 
(Chapter 4). This comprehensive reporting will enable like-for-like comparison with other 
behaviour change interventions and will facilitate future exploration of the mechanism of 
effect. The clinical reasoning framework of ParticiPAte CP however, whilst partially 
elucidated, requires simplification to enable clinicians to implement the intervention in daily 
clinical practice (addressed in 6.5.4). This is due to the unique participation focus and 
delivery in context, rather than impairment-focused “recipe-based” approach used 
previously.  
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Participation in the trial was limited to children with CP 8-12 years of age at GMFCS levels 
I-III in this doctoral program. As the trial had to be completed within an 18-month period 
due to time constraints, limiting the number of variables (such as non-ambulant status and 
older age) known to be independently associated with some of the study outcomes was 
necessary in order to maximise the possibility of detecting a difference with the modest 
sample. Additionally, GMFCS-specific cut points for hip-worn ActiGraphs were (and 
continue to be) only available for children with CP GMFCS I-III35. Both the PREP and LEM 
interventions were offered to youth who had significant activity limitation, had disabilities 
other than CP (including primary intellectual disability or developmental delay), and were 
older than 12 years of age27,28. Future studies using the ParticiPAte CP approach should 
be modified to include evaluation of the effect of the intervention in youth with more 
significant activity limitations (e.g. youth at GMFCS level IV) for whom the available 
opportunities for leisure-time PA participation may be more limited. 
 
A significant strength of the study is that children with impairments in intellectual/executive 
functions and comorbid health conditions were included and participated in the study10. 
This improves the ability to generalise to the broader population of children with CP who 
are known to have high rates of comorbid diagnoses such as intellectual disability, 
epilepsy and Autism36. As discussed in Chapter 4, however, the CP QOL-Child (Child 
Version) may not have been ideal to apply alone in this population, as it (like other self-
assessments of QOL) requires significant insight and self-perception, which can be difficult 
for youth with impairments in executive functions37. The CP QOL-Child self-report was 
validated in a sample of n=205 families with children with CP 9-12 years, however the 
authors note that not all 205 children could complete the self-report version due to severity 
of disability38. As the characteristics such as age or intellectual functioning of the n=53 
children who did successfully complete the questionnaire were not described38, it is 
possible that these children had high levels of insight, intellectual functioning and/or were 
older. Though parent-report QOL captures a slightly different construct39, it will be 
necessary to accompany child-report QOL in future studies where participants are young 
or have intellectual disability. 
 
As outlined in the protocol (Chapter 3), an intervention period of eight weeks was chosen 
for feasibility and to balance the time required to apply interventions targeting both 
environmental factors and child-related factors40. ParticiPAte CP had a similar effect size 
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to both PREP and LEM on the COPM, despite the PREP being longer in duration (12 
weeks)27 and LEM having significantly more face-to-face clinician contact hours (38-95 
hours)28. Increase in perceived performance of participation goals was maintained for at 
least 20 weeks following PREP27, for 12 weeks following LEM28, and eight weeks following 
ParticiPAte CP40. These relatively short timeframes may be required when re-assessing 
the same participation goal, as children’s preferences for participation change over time 
and across seasons. This was demonstrated by qualitative inquiry into results related to 
GAS goals following LEM. Children who did not achieve a T-score of 50 or above reported 
that they were either satisfied with their current progress or had switched to participate in 
another type of PA that was not specified in their goal (and therefore the child could not 
rate their success with the different activity)28. It is not known whether participants in any of 
the participation-focused trials sustained changes in fundamental PA behaviour beyond 
the short follow-up timeframes, which is a limitation of both the study designs and the 
outcome measures employed.  
 
6.4.3. Including parents as participants 
ParticiPAte CP included parents as integral participants in parts of the intervention 
particularly for discussions around goal setting and action planning40. This is a strength 
supported by evidence that parents have significant influence over PA participation of their 
children41. The PREP study controlled for family recreational orientation27, however 
parental PA orientation (being a physically active role model) itself is not a strong predictor 
of child PA and acts only through the mediator of parental support actions41. These actions 
include transporting the child to PAs, watching their child engage in PA, participating in 
PAs with their child, and providing positive reinforcement for their child’s PA participation41. 
These were all targeted in ParticiPAte CP if they were identified as potential facilitators to 
the child’s participation (or barriers if there was a lack of these actions). A qualitative 
analysis of parents’ perceptions of the LEM program was undertaken42. It revealed that a 
balance of parental involvement in the intervention (not too little, not too much) allowed 
parents to understand that they could be a facilitator of their child’s activity, and that their 
child was safe and capable of participation in PAs, even when they were not physically 
there42. A potential limitation of ParticiPAte CP is that some parents were less involved in 
sports-specific skills training parts of the intervention. In contrast, the LEM encouraged and 
required parental involvement in Adapted Physical Activity training and included a 
‘Parental Guidance Program’ which was designed to build parents’ capacity for enhancing 
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their child’s participation when they have left BHC42. Parents of children attending BHC 
reported that their own involvement in the program was integral to their child’s ongoing 
success42. Parental involvement may increase sustainability of the effects of participation-
focused therapies by empowering families to continue to solve problems related to their 
child’s PA participation, despite changes in their child’s age, context, activity preferences 
or abilities. Given that participants in the intervention group in the present study had 
maintained their participation eight weeks after concluding the intervention, this may not 
have reduced the efficacy of ParticiPAte CP. Further work is required to explore 
mechanisms of effect, especially with regard to the role of parents and how their actions, 
involvement, and perceptions of barriers act to mediate their child’s participation. 
 
6.4.4. Measuring efficacy on participation in physical activities 
Like ParticiPAte CP, both the PREP and LEM deliberately chose the COPM as a primary 
outcome for participation10,27,28. Each study utilised the unique properties of the COPM as 
a semi-structured interview to elicit intervention goals from participants that were: (i) 
important or meaningful to them, and (ii) reflected the participant’s belief at the point in 
time about their goal performance and satisfaction with that performance43. Each study 
used a modified version of the COPM, tailored to ensure participants were identifying only 
leisure participation goals27,28,40. The COPM has been criticised for potential expectation 
bias44 however, it is by design, a patient reported outcome, and has good evidence of 
reliability, validity and responsiveness to change following an intervention aimed to 
increase occupational performance and/or participation43. The COPM was not assessor-
blinded in ParticiPAte CP at eight and 16 weeks as a pragmatic choice due to availability 
of resources and to reflect what may occur in daily clinical practice. It should be noted that 
neither of the other two recently published studies of participation-focused therapy (PREP 
and LEM) had assessor-blinded COPM27,28, which may reflect that this is considered to be 
difficult or unnecessary in order to limit bias and that it is an integral component of the 
intervention and not a standalone outcome measure.  
 
Furthermore, as discussed in Chapter 2, there is a growing body of evidence suggesting 
that item-based outcome measures such as the CAPE and the PEM-CY may lack the 
sensitivity to change following a goal-directed, participation-focused intervention within a 
short timeframe less than three months. For example, there was no apparent response to 
intervention on the PEM-CY community frequency and involvement domains following 
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ParticiPAte CP compared to the waitlist control group10. The CAPE has also failed to 
demonstrate responsiveness to intervention in a small non-randomized trial of a 
participation-focused therapy in youth with physical disabilities45 and trials of non-
participation-focused therapy in CP46. It is possible that item-based outcome measures 
such as the CAPE and PEM-CY may however be appropriate to capture long-term 
changes in PA participation following participation-focused interventions. This was 
demonstrated in the results of a long-term 15-month follow-up of 80 children, 6-17 years 
old who had undergone LEM at BHC47. Their CAPE participation profiles mirrored other 
longitudinal studies of similar populations (diversity and frequency declining over 
adolescence) except for PAs, which were stable following the intervention period47. This 
indicates that the intervention may have attenuated the usual decline in frequency of 
participation in PAs that occurs over adolescence; an intervention which prevents known 
decline is still considered to be efficacious47. 
 
Objective methods of participation measurement may be able to overcome challenges of 
item-based outcomes such as CAPE and PEM-CY and complement the use of goal-based 
outcomes such as the COPM. More objective methods for measuring attendance are 
either: (i) currently highly technical (such as activity class recognition using research-grade 
accelerometers with customised algorithms – see 6.4.6), or (ii) burdensome. For example, 
available time-use recall questionnaires including the Multimedia Activity Recall for 
Children and Adolescents (MARCA)48, whilst producing a high level of resolution, may be 
excessively difficult for participants including children with CP who may have intellectual 
disability or impairments in executive functions relating to memory and sequencing49. 
Furthermore, the involvement aspect of participation is by definition subjective14, 
presenting further challenges to objective measurement. Mandating the use of technical, 
time-consuming or un-validated outcomes may substantially impair translatability to daily 
clinical practice. The COPM is therefore highly appropriate as a primary outcome measure 
for participation-focused interventions. In the future, technical advancements and 
innovative tools may be available to improve the objectivity of participation measurement. 
For example, condensing a time-use recall measure into a portable and accessible format 
such as a mobile app including such features as geolocation and notifications could 
increase reliability of the data and reduce burden. 
 
6.4.5. Theories of behaviour change 
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A strength and unique aspect of ParticiPAte CP was the use of a behaviour change lens to 
interrogate barriers to behaviour change across all domains of the TDF, and to match 
caregiver and child-reported barriers to PA behaviour change to evidence-based 
intervention strategies. Interventions with a grounding in theories of human behaviour and 
motivation are accepted practice in other populations including community-dwelling 
adults50. In children experiencing social disadvantage (such as low socio-economic status, 
health conditions and disability), multi-level and multi-component interventions with 
grounding in social-cognitive theory and/or intrinsic motivation have been posited as best-
practice models to change health behaviours compared to single-component, single-level 
interventions and those without regard to context and motivation29,51. In contrast to 
ParticiPAte CP, only one other study included in the systematic review Chapter 2 reported 
that the applied intervention was based on a theory of human behaviour and fully 
described how included intervention components may act to change behaviour12,23. 
ParticiPAte CP therefore was substantially different to previously reported interventions 
and the contents and theoretical underpinning more closely aligned with accepted practice 
in PA behaviour change research. 
 
6.4.6. Measurement efficacy on habitual physical activity 
Despite utilising these behaviour-change approaches accepted as best practice, 
PartciPAte CP did not result in any significant between-group differences in 
accelerometer-derived HPA outcomes10. This may have reflected limitations in data 
reduction techniques, acceptability of wearing the device on the hip, and/or participant 
selection. ParticiPAte CP was the first study to our knowledge to use GMFCS-specific cut 
points to evaluate HPA, which more accurately represent energy expenditure of children at 
GMFCS II and III35. One of the underlying assumptions of ParticiPAte CP was that children 
with CP were significantly physically inactive, both standalone and when compared to 
same-age typically developing peers. This was supported by an increasingly large pool of 
cross-sectional studies utilising free-living accelerometry2,3,52-54.  Despite this, there was a 
moderate-high average amount of MVPA accumulated by the participants enrolled in 
ParticiPAte CP. Almost 40% of participants with valid data already met PA guidelines at 
baseline10. Standard exploration of the sample revealed that high average MVPA was not 
better explained by outliers (one or two excessively active individuals). As mentioned in 
Chapter 5, it is possible that previous studies including children at GMFCS II and III 
significantly underestimated energy expenditure of their sample and therefore estimates of 
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the deficit in MVPA in children with CP GMFCS I-III were misleading. It is also possible 
that participants who had the characteristics of interest (moderate-high intrinsic motivation, 
already engaging in moderate levels of MVPA) self-selected to enrol in ParticiPAte CP. 
Furthermore, about 11% of possible wear periods were missing due to participant refusal 
to wear the device (on the hip), which may have been in the least physically active 
participants. To address these limitations, screening based on whether children meet or do 
not meet guidelines may be appropriate. This is supported by the finding that low active 
participants (not yet meeting Australian guidelines) had a clinically meaningful increase in 
the daily MVPA immediately following ParticiPAte CP10. Additionally, application of 
strategies such as social stories, incentives, wrist wear or concealment may improve 
compliance with participant accelerometer wear in future studies55, which will facilitate 
inclusion of participants with a variety of HPA profiles. 
 
A further explanation for the lack of between-group differences in HPA in the present study 
is the fact that ParticiPAte CP aimed to increase participation in specific goal activities, not 
to encourage participants to increase daily intensity level across all activities performed, 
including non-leisure-time PAs. Accelerometers fundamentally measure body 
accelerations, and cut point methods of data reduction result in estimates of energy 
expenditure associated with those accelerations56. This is a fundamentally different 
concept to participation in PAs, which is measured in terms of attendance and 
involvement. It is possible that through enabling participation, ParticiPAte CP has an effect 
on the patterns of energy expenditure, but not an average amount at any given intensity 
(e.g. MVPA). This would therefore not be detected through cut point methods of data 
reduction. Activity class recognition has been proposed as a more accurate way to 
objectively measure change in PA behaviour in people following PA-promoting 
interventions57. Activity class recognition involves using machine-learning algorithms to 
detect the type of activity (for example running vs. cycling) and therefore it can be used to 
identify changes in frequency of participation in types of activities as well as more 
accurately estimate energy expenditure associated with that type57. Activity class 
recognition depends on training an algorithm with a ‘training dataset’ composed of 
individuals, which can then be used on ‘new’ individuals to test the accuracy of the 
algorithm57. A challenge to this method is that people tend to move in different ways (e.g. 
different self-selected walking speeds). A group of children with CP across GMFCS levels 
(e.g. I-IV), distributions (e.g. bilateral vs. unilateral) and movement disorders (e.g. 
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spasticity vs. dyskinesia vs. ataxia) may have extremely heterogeneous movement 
patterns. Development of a training dataset that will accurately classify movements and 
postures such as sitting, lying, standing, walking, running, cycling, and other sports in 
children with CP will therefore require further research and development, but will facilitate 
more reliable outcome measurement following participation-focused interventions that aim 
to change participation frequency and involvement. 
 
6.4.7. Relationship between physical activity and cardiovascular health in CP 
There is irrefutable evidence that increased levels of HPA reduce the risk of cardiovascular 
disease (and several other health outcomes including all-cause mortality) in people without 
CP58. A recent systematic review identified 19 observational studies exploring 
cardiovascular disease, and/or cardiovascular disease-related risk factors or mortality in 
adults with CP59. Significant gaps in the research evidence were identified, namely that 
there have been no reported prospective longitudinal studies or randomized controlled 
trials exploring cardiovascular disease outcomes in people with CP59. The review did 
however identify two moderate sized population-based studies that reported an increased 
prevalence of cardiovascular disease and elevated risk for death from cardiovascular 
disease in adults with CP when compared to the general population59. In adults without 
CP, investigations of dose-response relationship have demonstrated that demonstrable 
improvements in health can occur at small increases in HPA from complete inactivity, even 
if the amount of daily HPA recommended in guidelines is not met60. Given the 
demonstrated potential effect size on MVPA in children GMFCS I-III not yet meeting HPA 
guidelines, ParticiPAte CP may have the potential to reduce participants’ risk of 
cardiovascular disease, but only if it results in sustained health behaviour change. Larger 
studies with longer follow-up periods and outcomes associated with cardiovascular health 
and fitness (e.g. Body Mass Index, VO2 max, blood lipid profile) are required. This could 
provide evidence for the minimum ‘dose’ of additional HPA that results in a change to 
cardiovascular outcomes and health risk profiles.  
 
6.4.8. Fundamental movement skills and physical literacy 
Outside the disability literature, and in some ways in direct contravention to the direction of 
it (away from physical capacity and towards social and environmental determinants of PA 
behaviour), a major focus has been on the fundamental physical skills that children use 
and may need for lifelong participation in PAs. This is illustrated by the title of the most 
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recent (2016) Australian Report Card on Physical Activity for Children and Young People, 
Physical Literacy: Do our kids have all the tools?31. It is argued in the report that, similar to 
academic literacy enabling success in education, children require literacy (skills, tools, 
capabilities) in physical domains to enable success in PA behaviours (as defined by 
meeting PA guidelines throughout the lifespan)31. Physical literacy, according to a 
consensus statement from the International Physical Literacy Association, is “the 
motivation, confidence, physical competence, knowledge and understanding to value and 
take responsibility for engagement in physical activities for life”61. Physical literacy 
incorporates concepts such as enthusiasm for and enjoyment of PA, knowledge of the 
health benefits of PA, and prioritisation of an active lifestyle by free choice61.  
 
The physical capacity domain of physical literacy includes both Fundamental Movement 
Skills (FMS) in addition to the “capacity to experience a variety of movement intensities 
and durations”61.  Fundamental Movement Skills include locomotor and object control skills 
that are common to many PAs62. These skills are trained to varying extents in sports-
specific skills training and functional skills training where the goal is related to a specific 
PA (e.g. football). There is evidence of a positive correlation between FMS proficiency and 
HPA in typically developing children and adolescents62. It is not clear whether FMS 
proficiency has a causative influence on leisure-time PA in children with CP63. There were 
improvements in locomotor and object-control skills following an FMS intervention in a pilot 
study of 12 children with CP, but the impact of these changes on MVPA were inconclusive 
given the small sample size and poor reporting of the trial63. ParticiPAte CP was highly 
dependent on individual activity preferences (i.e. cycling uses a different subset of FMS 
than football). Additionally, not all children presented with significant skill limitations 
required for their chosen activities. For these reasons, a measure of FMS was not included 
in the study. A limitation is that it was therefore not possible to determine whether the 
intervention improved FMS; however, this would be important to explore in future studies 
where functional skills training may form a part of the intervention. The most recent 
outcome measures for physical literacy, however, have been designed for and validated in 
samples of typically developing children. These include the Canadian Assessment of 
Physical Literacy (CAPL)64 and the Physical Literacy Assessment for Youth (PLAY) series 
of assessments65. As it is necessary to further explore the relationships between physical 
literacy, FMS, and HPA/participation in PAs in youth with physical impairments, 
assessments such as CAPL and PLAY may need to be modified for and/or validated in 
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children with CP. Future work should also incorporate interrogation of the concept of 
physical literacy and FMS from the perspective of people with disability (including physical 
disability, which by definition impairs development of FMS). Particularly, work may be 
required to establish an inclusive definition of physical literacy that respects the social 
model of disability. This model of disability recognises environmental barriers as disabling 
to access and participation, not necessarily characteristics of the person who is disabled. 
 
6.5. Knowledge translation 
ParticiPAte CP is a model of therapy that utilises other modalities (such as MI, functional 
skills training, goal-setting and action planning etc.). Therapists may already have 
competency in and confidence in their ability to deliver these modalities and therefore the 
intervention has the potential to translate easily into clinical practice. There are however 
some challenges to address to enhance the implementation of the intervention. 
 
6.5.1. Challenge of ‘in-context’ 
An ingredient theorized to be essential to ParticiPAte CP (and common to other 
participation-focused intervention frameworks including Participation-based therapy, LEM, 
and PREP) is the delivery of the intervention in context and within a broader environment. 
Context is the setting for activity participation that includes people, place, activity, objects 
and time, whereas environment is the broad, objective social and physical structures in 
which we live14. ParticiPAte CP was delivered mostly in the participants’ home and 
community settings (for example, local park or swimming pool) ‘in context’, requiring the 
therapist to travel10. There is a transactional relationship between context, person, and 
environment that shapes engagement and participation14. Learning within ‘natural 
environments’ also facilitates children’s self-determination and enables competence 
through the regulation of expectations, choices, and actions18. It is therefore theorized that 
participation-focused interventions should occur as much as possible within the context 
and environment where participation will take place, and with features of the context and 
environment acknowledged and respected in decision-making processes within the 
intervention. Parents of children who participated in the PREP intervention trial reported 
that home and community visits from the therapists (as opposed to going to another 
location such as an outpatient department) were valuable in reducing potential burden of 
involvement, and that delivery in-context facilitated the success of the intervention66.  
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6.5.2. Funding and cost effectiveness 
Despite substantial therapeutic benefit of in-context delivery, there are logistic and funding 
challenges to overcome that are associated with therapist travel in ParticiPAte CP. For 
example, many formal activities such as football club training are held after school and on 
weekends, outside of regular working hours for therapists. After school and occasional 
weekend appointments may facilitate the implementation of the ParticiPAte CP approach, 
in addition to funding mechanisms that recognize the essential nature of travel to the 
child’s context. Whilst this may have previously been challenging in Australia, funding is 
available within the NDIS for reimbursement of therapist travel to participant locations67. 
Evidence that in-context delivery is both effective and cost-effective will be required to 
enable advocacy for this funding to remain available. Future studies should prioritise 
health economic analyses to compare the cost effectiveness of ParticiPAte CP to standard 
care and/or cost to consequences, and should collect data required to facilitate this. 
Additionally, optimising the amount of, frequency of, and necessary ingredients of 
participation-focused therapies may also help to increase cost effectiveness. For example, 
is eight hours of ParticiPAte CP less, equally, or more effective than 12 hours? It is likely 
that many approaches may be equally as effective and may suit differing policy, health, 
sociological, and funding environments. 
 
6.5.3. Training 
ParticiPAte CP is a complex model of therapy that may require therapists to reframe their 
practice depending on their attitudes and beliefs, experience, and current practice context. 
For example, therapists would need to have the willingness to depart from 
activity/impairment-focused goals, have knowledge of how to write goals according to 
appropriate participation constructs14, understand a new clinical reasoning framework 
linking treatment modalities to barriers to participation goals, use a potentially new 
modality of therapy (counselling or MI), and have a basic understanding of services 
available within their local communities. Lack of knowledge, skills and confidence to 
deliver new evidence-based interventions, such as ParticiPAte CP, are reported by 
therapists as major barriers to application in daily clinical practice68. In-depth educational 
interventions such as online training and communities of practice may reduce these 
barriers and facilitate effective implementation of new complex interventions or clinical 
reasoning frameworks69. Often, additional steps are required following educational 
interventions to create optimal conditions for change and sustainability, such as practice 
162 
change tools or organisational restructuring69,70. To enable translation of ParticiPAte CP 
into clinical practice, it will be necessary to develop a package of training that addresses 
both gaps in therapist knowledge and skills and is complemented by other locally relevant 
(tailored) interventions. 
6.5.4. Clinical reasoning framework 
Clinical reasoning frameworks or clinical care pathways (decision-making aids) can be 
effective to change health professional’s behaviour to implement a new intervention or 
model of clinical practice71. These frameworks identify decision-points, describe what 
influences these decisions, and provide guidance about how to act71. Table IVa (Chapter 
4) describes an example of the concept of selecting treatment strategies to align with
modifiable barriers to participation, but does not explicitly describe the decision-making 
processes involved. Video recordings of treatment sessions and field notes were collected 
during ParticiPAte CP40. These data could be analysed and correlated with outcomes 
describing perceived barriers to participation (e.g. Barriers to Participation in Physical 
Activities Questionnaire [BPPA-Q] and PEM-CY Environment domains) to describe both 
the actual clinical reasoning framework and intervention contents that were applied, versus 
what was planned. Development of succinct aids (such as flowcharts) based on this data 
may be helpful in translating ParticiPAte CP into clinical practice. 
6.6. Conclusion 
This thesis proposed and successfully investigated the efficacy of ParticiPAte CP, an 
individualised, participation-focused, motivational physiotherapy intervention delivered in 
the child and family context and aimed to enable participation in PAs in children with CP. A 
systematic review of the literature revealed that impairment-focused approaches alone 
were not sufficient to improve participation in PAs and HPA in youth with CP. Interventions 
also generally lacked a reasonable theoretical underpinning for how PA behaviour would 
be changed, and these findings called for a paradigm shift in therapy interventions in the 
field. ParticiPAte CP was then proposed based on the best available evidence that 
supported (i) targeting of individual behavioural barriers to self-selected, meaningful 
participation goals, (ii) delivery of the intervention in the child’s context, and (iii) support of 
the child and family’s intrinsic motivation and self-efficacy. To our knowledge, the 
subsequent study was the first randomized controlled trial of participation-focused therapy, 
which represents a paradigm shift in the rehabilitation of children with CP. The intervention 
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led to significant and clinically meaningful increases in child and family perceived 
performance of PA participation goals which was maintained at follow-up, and secondary 
outcomes including goal confidence and behavioural barriers to participation supported the 
hypothesized mechanism of action. Increased participation was not accompanied by 
increased min∙day-1 MVPA on average, however children who did not already meet 
Australian PA guidelines had a significantly different, positive response to ParticiPAte CP 
compared to children who were already sufficiently active. Strengths and limitations of the 
thesis have been acknowledged and implications for future research have been discussed, 
for example the need to address the role of physical literacy and FMS in PA participation in 
children with CP. Methodological improvements, for example the use of activity class 
recognition in accelerometer data reduction, will increase the possibilities to further 
understand the effects of participation-focused therapy on children with CP and their 
families. Suggestions have also been made which will enable ParticiPAte CP to be 
successfully translated into clinical practice. This area of research remains relevant and 
vitally important to people with CP and their families and government and funding bodies, 
such as the Australian NDIS. 
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A randomized waitlist controlled trial of a participation-focused therapy intervention to 1 
increase physical activity through meaningful participation in children with cerebral 2 
palsy 3 
4 
Abstract 5 
Objective: To determine the efficacy of a participation-focused therapy (ParticiPAte CP) on 6 
leisure-time physical activity goal performance and satisfaction and habitual physical activity 7 
(HPA) in children with cerebral palsy (CP). 8 
Design: Randomized waitlist-controlled trial. 9 
Setting: Home and community. 10 
Participants: Thirty-seven children Gross Motor Function Classification System (GMFCS) 11 
I-III were recruited (18 males, mean age 10y 0mo [SD 1y 5mo]) from a population-based12 
register. 13 
Interventions: Participants were randomized to ParticiPAte CP (an 8-week goal-directed, 14 
individualized, participation-focused therapy delivered by a physical therapist) or waitlist 15 
usual care. 16 
Main Outcome Measures: The primary outcome was Canadian Occupational Performance 17 
Measure (COPM). Accelerometers were worn for objective measurement of HPA (min·day
-1
18 
moderate to vigorous physical activity, MVPA, and sedentary time). Barriers to participation, 19 
community participation, and quality of life outcomes were also collected. Data were 20 
analysed by intention-to-treat using generalized estimating equations.  21 
Results: ParticiPAte CP led to significant improvements in goal performance (MD=3.58, 22 
95% CI=2.19 to 4.97, p<0.001), satisfaction (MD=1.87, 95% CI=0.37 to 3.36, p=0.014), and 23 
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barriers to participation (MD=26.39, 95% CI=6.13 to 46.67, p=0.011) compared with usual 24 
care at eight weeks. There were no between group differences on min·day
-1
 MVPA at eight25 
weeks (MD=1.17, 95% CI=-13.27 to 15.61, p=0.874). There was a significant difference in 26 
response to intervention between participants who were versus were not meeting HPA 27 
guidelines at baseline (MD=15.85, 95% CI=3.80 to 27.89, p<0.0061). Following ParticiPAte 28 
CP, low active participants had increased average MVPA by 5.98 (SD=12.16) min·day
-1
.29 
Conclusion: ParticiPAte CP was effective at increasing perceived performance of leisure-30 
time physical activity goals in children with CP GMFCS I-III by reducing modifiable barriers 31 
to participation. This did not translate into change in HPA on average, however low active 32 
children may have a clinically meaningful response. 33 
34 
Key words 35 
cerebral palsy, physical activity, rehabilitation, participation, randomized controlled trial, 36 
leisure 37 
38 
Abbreviations 39 
CP cerebral palsy 40 
MVPA  moderate to vigorous physical activity 41 
HPA habitual physical activity 42 
GMFCS Gross Motor Function Classification System 43 
CFCS Communication Function Classification System 44 
MI Motivational Interviewing 45 
COPM  Canadian Occupational Performance Measure 46 
BiGSS Belief in Goal Self-competence Scale 47 
BPPA-Q Barriers to Participation in Physical Activities Questionnaire 48 
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TDF  Theoretical Domains Framework 49 
PEM-CY Participation and Environment Measure for Children and Yotuh 50 
CP QOL-Child Cerebral Palsy Quality of Life Questionnaire for Children 51 
MACS  Manual Ability Classification System 52 
SEIFA  Socio-economic Indexes for Areas 53 
IRSAD Index of Relative Socio-economic Advantage and Disadvantage 54 
55 
Participation is defined as involvement in a life situation as part of the fulfilment of a 56 
social role.
1
 Children with cerebral palsy (CP) participate less frequently
2
 and in fewer types
3
57 
of leisure-time physical activities than their typically developing peers. Children with CP are 58 
also at greater risk for physical inactivity including reduced time spent in moderate-to-59 
vigorous physical activity (MVPA), increased sedentary behaviors and do not meet 60 
Australian physical activity guidelines.
4
61 
Australian guidelines recommend that all children aged five to 12 years need to 62 
accumulate at least 60 min·day
-1
 of MVPA for healthy growth and development.
5
 Typically63 
developing children in suburban Australia are also not meeting physical activity guidelines 64 
(33 min·day
-1
 in a sample of n=491 children 9-11 years old).
6
 This suggests that other factors65 
common to all children with low levels of MVPA (with and without CP) may also be 66 
important targets for physical activity interventions. As participation in physical activities and 67 
daily (or habitual) physical activity (HPA) are correlated in children with CP
7,8
, an68 
intervention that aims to increase participation in physical activities may increase MVPA 69 
and/or reduce sedentary behavior. 70 
Previous studies of physical activity interventions in children with CP have targeted 71 
impairments (strength etc.) or activity limitations (motor skills etc.) under the premise that 72 
improvement at these levels translates to increased participation and/or MVPA.
9
 Used alone,73 
these impairment-focused approaches are not sufficient to increase participation or HPA.
9
74 
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Biopsychosocial models of disability (e.g. International Classification of Functioning, 75 
Disability and Health for Children and Youth
10
) recognize that participation restrictions are 76 
not caused directly by impairments or activity limitations
11
 Therapy models that integrate 77 
strategies aimed at personal, contextual, and environmental factors may be more effective at 78 
enabling participation in physical activities and improving HPA.
9
 Participation-based therapy79 
is a contemporary model of therapy aimed at enabling participation in children with physical 80 
disabilities with a goal-oriented, family-centred, collaborative, strengths-based, ecological 81 
and self-determined process.
12
 There are no high quality, randomized controlled trials of82 
interventions aligned with participation-based therapy, though recent goal-directed therapies 83 
including environmental and behavior-changing components have emerging evidence of 84 
efficacy in non-randomized studies.
9,13
85 
ParticiPAte CP is a participation-focused therapy that targets barriers to participation 86 
in leisure-time physical activity across domains of child and family health, functioning and 87 
behavior.
14
 This study aimed to test the efficacy of ParticiPAte CP on: (i) perceived88 
performance and satisfaction with participation in leisure-time physical activity goals and, (ii) 89 
objectively measured physical activity behaviors (HPA) in children with CP. We 90 
hypothesized that participants receiving the intervention would demonstrate significantly 91 
greater participation goal performance and satisfaction, significantly more min·day
-1
 MVPA,92 
and reduced sedentary time compared with a group receiving usual care.  93 
94 
Methods 95 
The study methods are described in the published protocol.
14
 Ethical approval was 96 
obtained from the Human Research Ethics Committee of the XXXXXXXXXXXXXXX 97 
(HREC/15/QRCH/162) and the XXXXXXXXXXX Medical Research Ethics Committee 98 
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(2015001609). The trial was prospectively registered on the Australian New Zealand Clinical 99 
Trials Registry (ACTRN12615001064594). Written informed consent was obtained from 100 
parents or guardians and participants 12 years of age or older. 101 
Participants were children aged eight to 12 years with a diagnosis of CP (Gross Motor 102 
Function Classification System, GMFCS levels I-III) and one/both of their primary 103 
caregivers, living within 200 km of XXXXXXXXX. Children were recruited from a 104 
population-based research database within the XXXXXXXXX and an outpatient 105 
rehabilitation clinic at the XXXXXXXX Hospital between October 2015 and April 2017. 106 
Exclusion criteria are located in Supplementary Appendix 1. 107 
108 
Design and Procedure 109 
Following recruitment, participants underwent stratified randomization (GMFCS I-II 110 
vs. III and male vs. female) in permuted blocks of four to either (i) ParticiPAte CP 111 
immediately for eight weeks plus eight weeks follow-up, or (ii) waitlist usual care for 16 112 
weeks. Randomization was completed by non-study personnel using a computer-generated 113 
random number sequence. Allocation was concealed to both the treating/assessing physical 114 
therapist and the participants using opaque envelopes until after baseline assessments (except 115 
objective HPA monitoring) had been completed. 116 
117 
Intervention 118 
ParticiPAte CP consisted of eight face-to-face, individual physical therapy sessions of 119 
60 minutes duration over eight weeks. The first and last sessions were focused on goal setting 120 
and scoring respectively and were conducted at the research centre (clinic setting). The 121 
middle six sessions were aimed at enabling the child’s ongoing participation in leisure-time 122 
physical activity using a toolbox of evidence-based therapy strategies, and were conducted in 123 
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the child’s home, community or school environment. Further details of the intervention are in 124 
the published protocol
14
 and Supplementary Appendix 1, and Supplementary Table I. 125 
126 
Outcomes 127 
Goal performance and satisfaction 128 
The primary outcome was a modified version of the Canadian Occupational 129 
Performance Measure (COPM).
15
 The COPM captures participant-perceived performance130 
and satisfaction with occupational performance goals. Goals are scored from 1 (lowest) to 10 131 
(highest) for performance and satisfaction (with performance). An increase of at least 2 points 132 
on the COPM indicates a clinically significant change.
15
 The COPM has consistently133 
demonstrated high validity, reliability and responsiveness to interventions for children with 134 
CP.
15,16
 Further details of the goal setting process is in Supplementary Appendix 1.135 
136 
Habitual physical activity 137 
To measure HPA, participants were asked to wear one ActiGraph GT3X+ (ActiGraph 138 
LLC, Pensacola, FL) tri-axial accelerometer on an elastic strap, secured firmly but 139 
comfortably around the waist above the iliac spines at the mid-axilliary line on the right side. 140 
For each episode of measurement (baseline, 8 weeks, 16 weeks and post-waitlist at 24 weeks) 141 
participants were instructed to wear the monitor during waking hours for seven consecutive 142 
days (two weekend days and five weekdays where possible). Caregivers recorded device on 143 
and off times in an activity diary in addition to frequency and duration of water-based 144 
activities and cycling. The majority of caregivers however, did not complete recording of 145 
swimming and cycling activities. Data reduction methods are explained in Supplementary 146 
Appendix 1. 147 
148 
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Secondary outcomes 149 
Secondary outcomes included: (1) The Barriers to Participation in Physical Activities 150 
Questionnaire (BPPA-Q); (2) Participation and Environment Measure for Children and Youth 151 
(PEM-CY); (3) The Cerebral Palsy Quality of Life Questionnaire for Children, Child Version 152 
(CP QOL-Child); (4) Demographic and Environmental Characteristics including GMFCS, 153 
CFCS, Manual Ability Classification System (MACS)
17
, and Socio-economic Indexes for154 
Areas (SEIFA) Index of Relative Socio-economic Advantage and Disadvantage (IRSAD)
18
155 
was determined from residential postcode.  Further details for secondary measures are in 156 
Supplementary Appendix 1.   157 
158 
Statistical analysis 159 
Continuous outcomes were inspected for normality with histograms and Shapiro-Wilk 160 
tests. Participant characteristics and demographic variables were summarized using means 161 
and standard deviations for continuous variables and counts and percentages for categorical 162 
variables. Between-group mean differences for primary and secondary outcomes were 163 
determined using generalized estimating equations to account for the repeated measures 164 
design, stratification and missing data, following an intention-to-treat principle.
19
 The165 
distributional family was Gaussian, with an identity link and exchangeable correlation matrix. 166 
Co-variables were stratification factors sex and GMFCS (and wear time for analysis of 167 
accelerometer data). The sample size calculation was based on the primary outcome (COPM 168 
goal performance), which required a minimum of 11 participants in each group to detect a 169 
clinically significant change of at least 2 points
15
 with a power of 80% and α=0.05, based on170 
a SD of 1.7 (from trials in a similar population).
14,20
 As waitlist participants also wore171 
accelerometers post-waitlist, a pre-post pooled dataset was available for this outcome. 172 
Participants were divided into two categories to determine if there was a differential or 173 
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ceiling effect of the treatment: <60 min·day
-1
 (low active) vs. ≥60 min·day-1 based on the174 
Australian guideline for physical activity for children 5-12 years (CP-specific guidelines 175 
align with public health recommendations
21
). Data were analysed with Stata/IC 14.2176 
(StataCorp LP, TX, USA). 177 
178 
Results 179 
Participant flow and characteristics 180 
The flow of participants in the study is presented in Figure 1. Of 229 participants 181 
assessed for eligibility, 37 (16%) enrolled in the study and underwent baseline assessment. 182 
Participants were children with spastic (n=34) and other (n=3) motor types of CP (18 males, 183 
mean age 10y 0mo [SD 1y 5mo]). Eighteen participants were allocated to the ParticiPAte CP 184 
group, completed the intervention, and were assessed at eight weeks (n=18, 100% retention) 185 
and 16 weeks (n=17, 94.4% retention). Nineteen participants were allocated to the waitlist 186 
control group and were assessed at eight and 16 weeks (n=15, 78.9% retention). Participant 187 
characteristics are presented in Table I. There were no significant differences on demographic 188 
characteristics between groups, nor between participants who withdrew and those who 189 
continued.  190 
Out of 111 possible accelerometer monitoring periods from baseline to 16 weeks, 191 
valid wear data were available for 76 periods (68.4%). Reasons for missing periods included 192 
refusal to wear device (n=12), participant drop out (n=11), family circumstances (n=10), and 193 
inadequate wear time (n=2). Participants wore devices for an average of 5.12 (SD=1.90) days 194 
for mean of 734.83 (SD=60.98) minutes. 195 
On average, participants (n=18) allocated to ParticiPAte CP completed 5.83 (SD 0.38) 196 
of six home visits and all completed both goal-setting/scoring appointments, totalling 306 197 
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hours of face-to-face contact with the therapist, 256 hours of therapist travel, and 198 
approximately 136 hours (4 hours per participant) of indirect therapy time. There were no 199 
serious adverse events. Two children fell over whilst riding bicycles and one participant fell 200 
over whilst practicing rugby drills but there were no injuries and children immediately 201 
resumed therapy. One child reported ankle discomfort during running training but this did not 202 
require medical attention. 203 
Thirty-one (83.8%) parents returned usual care diaries. Children in both groups 204 
received a limited amount of usual care therapy. Characteristics of usual care according to 205 
group allocation are provided in Table II. Approximately half of children received no 206 
physical therapy (n=18, 48.6%) or occupational therapy (n=19, 51.4%). There were no 207 
significant differences between groups on any measured parameter of usual care. 208 
209 
Primary outcomes 210 
Characteristics of COPM goals are presented in Table III. One goal was deemed to 211 
represent the activity construct of the ICF-CY, and was excluded from analyses (mean 212 
eligible goals per participant 3.03, SD=0.29). The attendance construct of participation was 213 
measured in 80.5% of goals, and 37.5% referenced a formal (organised) leisure activity. The 214 
activity mentioned most frequently in participation goals was cycling (18.8%), followed by 215 
football (11.6%). 216 
Primary outcomes are reported in Table IV. Immediately post-intervention at eight 217 
weeks, ParticiPAte CP compared to waitlist usual care demonstrated significantly greater 218 
perceived performance (mean difference [MD] =3.58, 95% CI=2.19 to 4.97, p<0.001) on 219 
leisure-time physical activity participation goals on the COPM that was clinically meaningful 220 
(>2 points). Satisfaction (MD=1.87, 95% CI=0.37 to 3.36, p=0.014) and confidence 221 
(MD=1.31, 95% CI=0.12 to 2.50, p<0.001) were significantly greater in the intervention 222 
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compared to control group. This was retained at 16 weeks for performance (MD=3.02, 95% 223 
CI=1.66 to 4.38, p<0.001), satisfaction (MD=1.88, 95% CI=0.41 to 3.35, p<0.012) and 224 
confidence (MD=1.47, 95% CI=0.30 to 2.64, p<0.001).  225 
There were no significant differences between groups on any measure of HPA at both 226 
eight and 16 weeks, including time spent in MVPA. Children at GMFCS I (n=18) had mean 227 
47.6 (SD=20.4) min·day
-1
 MVPA at baseline compared to children at GMFCS II (n=6,228 
mean=68.9 SD=15.2) and III (n=5, mean=50.7 SD=22.3). The effect of GMFCS on min·day
-1
229 
MVPA was not significant at p<0.05 (F(2, 26) = 2.61, p=0.0925). Eight participants (53%) 230 
were already meeting Australian guidelines for physical activity in the intervention group 231 
versus three (21%) in the waitlist group (Fisher’s exact=0.128, p=0.082). There was no 232 
significant relationship between baseline MVPA and child GMFCS, age, sex, socio-economic 233 
status, or presence of comorbid diagnosis/es.  234 
Analysis of the pooled sample of n=24 in both ParticiPAte and control groups pre-235 
post intervention, revealed a statistically significant difference in response to intervention 236 
between participants who were low active at baseline compared to those already meeting 237 
guidelines (MD=15.85, 95% CI=3.80 to 27.89, p<0.0061,). Low active participants had an 238 
increase in average daily MVPA of 5.98 (SD=12.16) min·day
-1
 immediately post-239 
intervention, corresponding to an additional 14% of baseline or 42 min·week
-1
.240 
241 
Secondary outcomes 242 
Secondary outcomes are reported in Table V. Parents in the ParticiPAte CP group 243 
reported significantly fewer barriers/more facilitators to participation on the BPPA-Q at eight 244 
weeks (MD=26.39, 95% CI=6.13-46.67, p=0.011) which was not retained at 16 weeks. There 245 
were no statistically significant differences between groups for domains of quality of life (CP 246 
QOL-Child).  247 
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There were no between groups differences for community participation frequency, 248 
involvement or environmental supportiveness (PEM-CY). There were however significant 249 
increases within the intervention group for community participation frequency (MD=0.62, 250 
95% CI=0.25-0.98, p=0.001) and environmental supportiveness (MD 6.26, 95% CI=1.29-251 
11.23, p=0.014) at 16 weeks. 252 
253 
Discussion 254 
In this randomized controlled trial, participants receiving Participate CP achieved 255 
statistically significant and clinically meaningful improvement in performance of self-256 
selected leisure-time physical activity goals, compared to the control group. This model of 257 
participation-focused therapy enabled children with CP to participate in leisure-time physical 258 
activities that met their needs and preferences using a toolbox of strategies to target 259 
individualized, modifiable barriers to participation in physical activity. To our knowledge, 260 
this is the first randomized trial of participation-focused therapy to improve participation in 261 
physical activities in children with CP. 262 
Improved goal performance did not translate into increased min·day
-1
 MVPA263 
measured by accelerometer. Low active children with CP who did not meet physical activity 264 
guidelines at baseline, however, exhibited a significant increase in MVPA in response to 265 
ParticiPAte CP compared to children who already performed ≥ 60 min·day-1 MVPA.266 
Children could plausibly be expected to participate in about 1-2 additional hours of physical 267 
activities per week according to the predominant goal type (attendance). If approximately 1/3 268 
of this time can be attributed to MVPA
22
, up to an extra 40 min∙week-1 (~6 min∙day-1) of269 
MVPA may be expected (which corresponds to the effect size of the intervention). 270 
Participants in both groups had moderate-high levels of MVPA at baseline when 271 
GMFCS-specific cut points were applied to the sample. Children with CP have a significantly 272 
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higher energy cost of walking than typically developing children and energy cost increases 273 
with increasing GMFCS level.
23
 Validated GMFCS-specific cut points are less likely to274 
misclassify activity intensity for children with GMFCS II and III compared to non-specific 275 
cut points.
24
 Current trends in analysis of objective HPA data suggest that machine learning276 
approaches such as artificial neural networks (activity classification/recognition algorithms) 277 
may offer better means to detect both intensity of HPA and activity type (e.g. walking vs. 278 
aerobic sports vs. cycling).
25
 This may improve the ability to detect change following an279 
intervention aimed to change participation in leisure-time physical activities chosen by each 280 
child. Additionally, cycling and swimming goals were frequently chosen in this study, 281 
mirroring the popularity of these activities amongst all Australian children aged 5-12
26
.282 
ActiGraph GT3X+ are not waterproof and cut point methods with hip wear location are likely 283 
to underestimate cycling intensity.
27
 Due to this and incomplete activity diary reporting, it is284 
possible that for a significant number of participants, MVPA was underestimated.  285 
ParticiPAte CP was underpinned by theories of human motivation and behavior, 286 
including SDT.
28
 Communication strategies of MI (which are consistent with SDT
29
) were287 
used to help children and their caregivers to resolve ambivalence to changes in participation. 288 
Following the intervention, caregivers reported significantly fewer perceived behavioral 289 
barriers and/or more facilitators to their child’s participation, supporting the hypothesized 290 
mechanism of effect. Furthermore, the intervention aimed to foster a sense of self-efficacy 291 
(aligned with the basic psychological need of competence described in SDT
30
). There were292 
significant between group differences at both eight and 16 weeks on the BiGSS, which 293 
captures a measure of self-efficacy through goal confidence.
30
294 
The solution-focused approach used in ParticiPAte CP to overcoming barriers to 295 
participation has similarities to both the TEAM (Teens Making Environment and Activity 296 
Modifications) project
31
 and PREP (Pathways and Resources for Engagement and297 
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Participation) intervention.
13
 Both interventions feature problem-solving approaches, rely on298 
a degree of child and youth involvement, and both are targeted towards environmental 299 
barriers to participation. ParticiPAte CP differs from these interventions by its deliberate 300 
inclusion of strategies that aim to change child-related factors, such as functional training (to 301 
increase activity capacity). It is possible that there are more barriers in the activity domain of 302 
the ICF to participation in physical activities than to participation in other types of activities 303 
(such as sedentary and social activities). These three interventions, however, all contain 304 
behavior-focused strategies.  305 
Whilst there were no significant between groups differences for community 306 
participation frequency and community environmental supportiveness, there were small 307 
statistically significant within group improvements in the intervention group at 16 weeks. It is 308 
not clear whether this change is clinically meaningful as minimal clinically important 309 
differences have not yet been established for the PEM-CY
32
, though a similar magnitude of310 
change was reported following a similar pilot trial in six participants with CP (MD=0.6).
33
311 
The PEM-CY community domain captures aspects of participation in 10 community activity 312 
types with only two being physical activities.
34
 As the intervention was targeted at physical313 
activities only, change across other activity types would not be expected. Additionally, the 314 
PEM-CY has a four-month recall period
34
 meaning there was a recall time overlap of two315 
months prior to baseline at the eight week time point which may have reduced the ability to 316 
detect change attributable to the intervention. 317 
The therapy did not lead to improvements in child-reported condition-specific quality 318 
of life. A ceiling effect has been reported for the CP QOL-Child
35
 which may have influenced319 
the result given the proportion of high scores at baseline. Additionally, a substantial 320 
proportion of participating children had a diagnosis of ASD, intellectual disability and/or a 321 
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learning disability, which may have affected their ability to reliably self-report quality of 322 
life.
36
 Future studies may utilize both parent-proxy and child self-report measures. 323 
324 
Study Limitations 325 
This study had strong methodology, however design limitations must be 326 
acknowledged. The process of goal-setting was integral to the development of the therapeutic 327 
relationship, and a knowledge of the participants’ progress was required to discuss goal 328 
scoring following the intervention. A pragmatic approach was adopted with un-blinded rating 329 
of the COPM at the post-intervention and follow-up time points, which may have introduced 330 
bias. To reduce the risk of bias, children and caregivers were blinded to their previous 331 
rating/s as recommended in the manual.
15
 Future studies may consider assessor-blinded rating332 
of the COPM. 333 
This study was powered to detect a difference between groups in performance of 334 
participation, but not MVPA. Furthermore, there was some missing data primarily due to 335 
refusal to wear the device around the hip or participant drop-out. Accelerometer placement on 336 
the wrist may be more acceptable (comfortable and socially acceptable) than the hip, leading 337 
to increased wear time and compliance.
37
 All participants who refused to wear devices had a338 
confirmed or suspected diagnosis of Autism Spectrum Disorder (ASD, n=4) and presented 339 
with sensory sensitivity. Activity recognition algorithms based on pattern recognition are less 340 
dependent on wear location and have demonstrated acceptable classification accuracy in 341 
typically developing children 3-6 years
38
, and 7-18 years.
39
 Exploration of ways to improve342 
compliance with prolonged wear in children with CP and/or ASD may be warranted. 343 
Whilst the sample is representative of the CP population, a larger sample would 344 
facilitate exploration of a differential effect by GMFCS level. It is known that participation in 345 
leisure-time physical activity is more severely restricted in children with greater activity 346 
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limitations
40
, and Children with GMFCS IV and V have almost no MVPA and greater347 
sedentary behavior compared to ambulant children with CP.
21
 Additionally, barriers to348 
participation for children with more activity limitations may be more difficult to overcome, 349 
particularly as there may be fewer activities available in the child’s environment that meet 350 
their needs and preferences. Testing the effect of this intervention in non-ambulant children is 351 
paramount. 352 
353 
Conclusions 354 
This first adequately powered randomized waitlist-controlled trial demonstrated the 355 
efficacy of a participation-focused model of therapy to enable leisure-time physical activity 356 
participation in children with CP. Outcomes assessing behavioral barriers to change and 357 
participant self-efficacy supported the hypothesized mechanism of effect and theorized 358 
autonomy-supportive nature of the intervention. Increased perceived performance of 359 
participation did not translate into improvements in HPA in children with CP 8-12 years. 360 
Secondary analysis, however, revealed that the intervention may potentially be effective in 361 
children not already meeting physical activity guidelines, and that this effect could be 362 
clinically meaningful. As a complex intervention, further analysis is required to evaluate the 363 
contents and mechanism of effect. 364 
365 
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Assessed for eligibility n=229 
Excluded n=192 
 Not meeting inclusion criteria n=30
 Declined to participate n=20
 Undecided n=22
 Recruitment target reached n=120
T1 8 weeks n=18 
Retention 100% 
T0 Baseline n=18 T0 Baseline n=19 
Enrolled in study n=37 
Stratified randomisation 
ParticiPAte CP n=18 Waitlist control n=19 
T1 8 weeks n=15 
Retention 78.9% 
Withdrew n=4 
 Family reasons n=3
 Withdrew consent n=1
T2 16 weeks n=17 
Retention 94.4% 
T2 16 weeks n=15 
Retention 78.9% 
Withdrew n=1 
 Surgery n=1
Analysis (maximum cases 
available at any time point) 
 COPM n=18
 HPA n=15
 PEM-CY n=16
 BPPA-Q n=14
 CP QOL-Child n=15
Analysis (maximum cases 
available at any time point) 
 COPM n=19
 HPA n=14
 PEM-CY n=16
 BPPA-Q n=15
 CP QOL-Child n=11
Reasons missing 
 Questionnaires not returned
(n=4 PEM-CY, n=7 BPPA-Q,
n=6 CP QOL)
 Child cognition or
understanding n=5 (CP QOL)
 Participant refusal n=12
(HPA)
 Participant drop out n=11
(HPA)
 Family circumstances n=10
(HPA)
 Inadequate wear time n=2
(HPA)
Potential participants n=229 
Identified on clinical database 
n=101 
Identified on research database 
n=128
Ineligible n=80 
CONSORT Flow Diagram for Randomized Controlled Trials
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Table I: Personal and socio-demographic characteristics of study participants 
at baseline 
ParticiPAte CP 
(n=18) 
Waitlist control 
(n=19) 
Child characteristics 
   Males; n (%) 
   Age; mean (SD) 
8 (44.4) 
9y 9mo (1y 6mo) 
10 (52.6) 
10y 2mo (1y 4mo) 
Distribution; n (%) 
   Unilateral 
   Bilateral 
9 (50.0) 
9 (50.0) 
8 (42.1) 
11 (57.9) 
Motor type; n (%) 
   Spastic 
   Other 
17 (94.4) 
1 (5.6) 
17 (89.5) 
2 (10.5) 
GMFCS; n (%) 
   I 
   II 
   III 
9 (50.0) 
6 (33.3) 
3 (16.7) 
12 (63.2) 
3 (15.8) 
4 (21.1) 
MACS; n (%) 
   I 
   II 
   III 
3 (16.7) 
11 (61.1) 
4 (22.2) 
7 (36.8) 
10 (52.6) 
2 (10.5) 
CFCS; n (%) 
   I 
   II 
   III 
9 (50.0) 
5 (27.8) 
4 (22.2) 
12 (63.2) 
5 (26.3) 
2 (10.5) 
Comorbid conditions; n (%
a
) 
   Epilepsy 
   Asthma 
   ASD 
   ADHD 
   Intellectual disability (IQ<70) 
   Learning disability 
   Sensory impairment 
4 (22.2) 
1 (5.6) 
2 (11.1) 
2 (11.1) 
0 
3 (16.7) 
4 (22.2) 
2 (10.5) 
1 (5.3) 
6 (31.6) 
2 (10.5) 
3 (15.8) 
2 (10.5) 
3 (15.8) 
School type; n (%) 
   Mainstream (included) 
   Mainstream (self-contained) 
   Special school 
   Home schooled 
11 (61.1) 
7 (38.9) 
0 
0 
11 (57.9) 
6 (31.6) 
1 (5.3) 
1 (5.3) 
Participating parent/s; n (%) 
   Mother 
   Father 
   Both
b
 
14 (77.8) 
0 
4 (22.2) 
12 (63.2) 
3 (15.8) 
4 (21.1) 
Parent relationship; n (%) 
   Married/defacto 
   Separated/divorced 
   Never married 
   Other 
15 (83.3) 
2 (11.1) 
1 (5.6) 
0 
12 (63.2) 
5 (26.3) 
1 (5.3) 
1 (5.3) 
Household structure; n (%) 
   Original parents 
   Stepfamily 
   Single parent 
   Other 
13 (72.2) 
1 (5.6) 
1 (5.6) 
3 (16.7) 
13 (68.4) 
0 
3 (15.8) 
3 (15.8) 
Annual household income; n (%) 
   <AUD 25 000 
   AUD 25 000-49 999 
   AUD 50 000-74 999 
   AUD 75 000-100 000 
>AUD 100 000
Prefer not to say
1 (5.6) 
2 (11.1) 
2 (11.1) 
4 (22.2) 
8 (44.4) 
1 (5.6) 
3 (15.8) 
2 (10.5) 
4 (21.1) 
4 (21.1) 
5 (26.3) 
1 (5.3) 
SEIFA IRSAD decile; n (%) 
   Disadvantaged (1-3) 
   Middle (4-7) 
2 (11.1) 
5 (27.8) 
3 (15.8) 
7 (36.8) 
Table I
Appendix 3 - Submitted version of manuscript 3
27 of 67
   Advantaged (8-10) 11 (61.1) 9 (47.4) 
GMFCS, Gross Motor Function Classification System; MACS, Manual Abilities 
Classification System; CFCS, Communication Function Classification System; 
a
, 
percentages not cumulative; ASD, autism spectrum disorder; ADHD, 
attention deficit hyperactivity disorder; 
b
, where both parents participated, 
the designated primary caregiver was always the mother; AUD, Australian 
Dollars; SEIFA, Socio-economic Indexes for Areas; IRSAD, Index of Relative 
Socio-economic Advantage and Disadvantage 
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Table II: Usual care diary data from Baseline to 16 weeks 
ParticiPAte CP 
(n=18) 
Waitlist 
(n=19) 
Physiotherapy sessions in 16 weeks, n (%) 
   None 
1-2 sessions
3 or more sessions
Missing
Physiotherapy provider, n 
   Non-government 
   Private 
   School-based 
Physiotherapy content, n 
   Exercise therapy 
   Musculoskeletal 
   Educational 
   Equipment prescription 
   Hydrotherapy 
10 (55.6) 
3 (16.7) 
4 (22.2) 
1 (5.6) 
3 
3 
1 
3 
1 
1 
1 
1 
8 (47.4) 
3 (15.8) 
3 (15.8) 
5 (26.3) 
2 
4 
0 
4 
2 
0 
0 
0 
Occupational therapy sessions in 16 weeks, n (%) 
   None 
1-2 sessions
3 or more sessions
Missing
Occupational therapy provider, n 
   Non-government 
   Private 
   School-based 
10 (55.6) 
3 (16.7) 
4 (22.2) 
1 (5.6) 
6 
1 
0 
9 (47.4) 
1 (5.3) 
4 (21.1) 
5 (26.3) 
2 
2 
1 
Speech therapy sessions in 16 weeks, n (%) 
   None 
1-2
3 or more
Missing
Speech therapy provider, n 
   Non-government 
   Private 
   School-based 
12 (66.7) 
1 (5.6) 
4 (22.2) 
1 (5.6) 
5 
0 
0 
11 (57.9) 
1 (5.6) 
2 (10.5) 
5 (26.3) 
1 
1 
1 
Other therapy in 16 weeks, n (%) 
   None 
1-2
3 or more
Missing
Other therapy type 
   Exercise physiology 
   Educational psychology 
   Hippotherapy 
15 (83.3) 
1 (5.6) 
1 (5.6) 
1 (5.6) 
0 
1 
0 
12 (63.2) 
1 (5.3) 
1 (5.3) 
5 (26.3) 
2 
0 
1 
Botulinum Toxin-A in 16 weeks, n (%) 
   None 
   Upper limb 
   Lower limb 
   Missing  
16 (88.9) 
0 
1 (5.6) 
1 (5.6) 
12 (63.2) 
1 (5.3) 
1 (5.3) 
5 (26.3) 
Casting in 16 weeks, n (%) 
   None 
   Upper limb 
   Lower limb 
   Missing 
16 (88.9) 
1 (5.6) 
0 
1 (5.6) 
13 (68.42) 
0 
1 (5.3) 
5 (26.3) 
Notes: Non-government organisation refers to a not-for-profit entity typically 
offering free or subsidized services, in contrast to private therapy providers 
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Table III: COPM goal descriptive analyses 
ParticiPAte 
CP 
Waitlist 
control 
Total COPM goals, n 
   Eligible COPM goals 
   Excluded from analyses 
56 
55 
1 
57 
57 
0 
COPM goals per participant 
   mean (SD) 
   range 
3.06 (0.24) 
3-4
3.00 (0.33) 
2-4
Goal construct, n (%) 
   Attendance 
   Involvement 
45 (81.8) 
10 (18.2) 
46 (80.7) 
11 (19.3) 
Activity type, n (%) 
   Formal 
   Informal 
24 (43.6) 
31 (56.4) 
18 (31.6) 
39 (68.4) 
Popular activities, n (%) 
   Cycling 
   Football (Soccer) 
   Swimming 
   Walking 
   Basketball 
   Cricket 
   Horse riding 
   Running 
   Australian Rules Football 
   Dance 
   Handball
a
 
   Rock climbing 
   Rugby 
   Skipping 
   Others
b
21 (18.8) 
13 (11.6) 
12 (10.7) 
7 (6.3) 
5 (4.5) 
5 (4.5) 
5 (4.5) 
5 (4.5) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
4 (3.6) 
12 (10.7) 
COPM, Canadian Occupational Performance Measure; 
a
school-style game with a small rubber ball in a 4-person hard 
surface court; 
b
activities named in 3 or fewer goals 
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Table IV: Primary outcome observed data by group and time point and adjusted mean difference according to generalized estimating equations 
Variables 
ParticiPAte CP Waitlist control 8 week between groups 
difference MD (95% CI), 
p 
16 week between 
groups difference MD 
(95% CI), p 
Baseline, mean 
(SD) 
8 weeks, mean 
(SD) 
16 weeks, mean 
(SD) 
Baseline, mean 
(SD) 
8 weeks, mean 
(SD) 
16 weeks, mean 
(SD) 
n=18 n=18 n=17 n=19 n=13 n=15 
COPM 
Performance 
2.79 (1.29) 7.50 (1.73) 6.96 (2.03) 2.71 (1.05) 3.79 (2.26) 3.79 (2.28) 3.58 (2.19 to 4.97) 
p<0.001 
3.02 (1.66 to 4.38) 
p<0.001 
COPM 
Satisfaction 
3.95 (1.88) 7.88 (1.44) 7.59 (1.80) 3.93 (1.35) 6.12 (2.18) 5.79 (2.47) 1.87 (0.37 to 3.36) 
p=0.014 
1.88 (0.41 to 3.35) 
p=0.012 
BiGSS 7.84 (1.77) 8.31 (1.09) 8.61 (1.38) 7.23 (2.40) 6.03 (2.68) 6.26 (2.78) 1.31 (0.12 to 2.50) 
p=0.031 
1.47 (0.30 to 2.64) 
p=0.013 
n=15 n=13 n=13 n=14 n=19 n=12 
MVPA average 
min·day
-1 
56.24 (19.99) 51.28 (22.45) 58.11 (29.02) 48.61 (21.95) 46.20 (18.00) 48.92 (13.38) 1.17 (-13.27 to 15.61) 
p=0.874 
1.59 (-12.02 to 15.20) 
p=0.819 
LPA average 
min·day
-1 
239.89 (87.58) 205.26 (63.23) 227.60 (82.36) 263.60 (57.87) 244.00 (48.04) 264.55 (50.58) -11.18 (-45.48 to 23.12)
p=0.523
-11.05 (-43.38 to 21.27)
p=0.503
SED average 
min·day
-1 
435.30 (63.68) 465.58 (73.31) 442.36 (127.21) 434.29 (79.84) 450.92 (81.44) 428.39 (89.59) 10.25 (-31.02 to 51.53)
p=0.626
9.51 (-29.40 to 48.42)
p=0.632
COPM. Canadian Occupational Performance Measure; BiGSS, Belief in Goal Self-competence Scale; MVPA, moderate-vigorous physical activity; LPA, light physical activity; SED, sedentary 
behaviour 
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Table V: Secondary outcome observed data by group and time point and adjusted mean difference according to generalized estimating equations 
Variables 
ParticiPAte CP Waitlist control 8 week between groups 
difference MD (95% CI), 
p 
16 week between 
groups difference MD 
(95% CI), p 
Baseline, mean 
(SD)  
8 weeks, mean 
(SD)  
16 weeks, mean 
(SD)  
Baseline, mean 
(SD)  
8 weeks, mean 
(SD)  
16 weeks, mean 
(SD)  
n=16 n=13 n=14 n=16 n=10 n=12 
PEM-CY Community 
Frequency 
3.55 (0.85) 3.81 (0.81) 4.22 (0.74) 3.70 (0.73) 4.21 (0.69) 3.94 (0.73) -0.20 (-0.75 to 0.36)
p=0.489
0.36 (-0.16 to 0.89) 
p=0.172 
PEM-CY Community 
Involvement 
3.91 (0.78) 3.98 (0.45) 4.03 (0.42) 3.75 (0.80) 3.86 (0.72) 4.04 (0.69) 0.02 (-0.46 to 0.49)
p=0.947
-0.09 (-0.54 to 0.36)
p=0.690
PEM-CY Community 
Environment 
77.53 (16.47) 76.44 (6.04) 84.33 (9.15) 77.34 (10.91) 78.96 (12.13) 78.57 (17.38) 2.76 (-4.91 to 10.44)
p=0.481
4.49 (-2.735 to 11.71)
p=0.223
n=14 n=12 n=14 n=15 n=10 n=12 
BPPA-Q Total Score 288.50 (46.72) 304.58 (32.30) 308.93 (39.37) 277.67 (37.47) 284.20 (33.81) 285.67 (44.14) 26.39 (6.13 to 46.67) 
p=0.011 
17.32 (-1.64 to 36.27) 
p=0.073 
n=15 n=11 n=15 n=11 n=10 n=10 
CP QOL-Child P&PH 76.49 (16.90) 77.90 (13.42) 77.56 (20.02) 66.40 (15.25) 72.75 (22.70) 74.12 (27.33) -6.58 (-17.89 to 4.73)
p=0.254
-4.38 (-15.10 to 6.33)
p=0.422
CP QOL-Child EW&SE 85.94 (15.99) 89.02 (17.16) 86.22 (17.77) 84.24 (11.85) 82.42 (24.31) 82.29 (25.43) 2.20 (-7.68 to 12.08)
p=0.663
2.72 (-6.63 to 12.07)
p=0.568
n=15 n=13 n=13 n=14 n=19 n=12 
Average steps·day
-1
6461 (3202) 6243 (2836) 6730 (3493) 7164 (2982) 6784 (3126) 7301 (2585) 53 (-1460 to 1565) 
p=0.945 
32 (-1395 to 1459) 
p=0.965 
Counts·min
-1
367.96 (133.14) 349.54 (159.70) 414.09 (270.82) 423.16 (205.47) 408.22 (218.54) 420.39 (179.72) -1.57 (-135.6 to 132.5)
p=0.982
51.63 (-75.24 to 178.5) 
p=0.425 
MVPA weekday 
min·day
-1 
55.26 (22.67) 53.40 (23.38) 58.82 (29.38) 47.89 (20.91) 47.61 (15.42) 50.03 (15.51) 2.25 (-12.61 to 17.12)
p=0.766
-0.45 (-14.65 to 13.76)
p=0.951
MVPA weekend 
min·day
-1 
60.61 (31.33) 44.39 (29.70) 51.26 (30.92) 53.86 (33.04) 50.73 (29.77) 56.20 (23.16) -12.67 (-47.23 to 21.88)
p=0.472
-9.38 (-40.90 to 22.14)
p=0.560
% days meeting 60 
min·day
-1 
43.36 (34.43) 35.31 (34.10) 40.97 (35.69) 25.92 (30.67) 30.63 (38.55) 27.22 (27.37) -6.20 (-30.91 to 18.50)
p=0.623
-4.13 (-27.44 to 19.18)
p=0.728
PEM-CY, Participation and Environment Meassure – Child and Youth; BPPA-Q, Barriers to Participation in Physical Activities Questionnaire; CP QOL-Child, Cerebral Palsy Quality of Life 
Questionnaire – Child version self-report; P&PH, Participation and Physical Health; EW&SE, Emotional Wellbeing and Self-Esteem; MVPA, moderate-vigorous physical activity 
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Supplementary Appendix 1 
Methods 
Exclusion criteria 
Children were excluded if they had: (i) an unstable medical condition which 
precluded safe community physical activity; (ii) orthopaedic and/or neurological surgery in 
the previous 6 months; (iii) moderate to severe intellectual disability (IQ<50
16
); (iv) moderate
to severe communication impairment (Communication Function Classification System
17
,
CFCS IV-V) or; (v) severe visual impairment/blindness. Exclusion criteria were determined 
based on parent report and then verified with the child’s treating clinician if required. 
Intervention 
A clinical reasoning framework was used to match each therapy strategy to 
modifiable barriers to participation within all domains of functioning and health (body 
structures, activities, participation, personal and environmental factors)
10
, and human
behavior change
18
 specific to each child and family. Techniques consistent with Motivational
Interviewing
19
 (MI) were used to orient communications towards changing physical activity
behavior. The intervention is underpinned by Self-Determination Theory, which posits that 
basic psychological needs of autonomy, competence and relatedness must be fulfilled for 
people to be intrinsically motivated to pursue goals.
20
 Supplementary Table I contains an
example of one intervention in accordance with the Template for Intervention Description 
and Replication (TIDieR) guidelines.
21
 Treatment strategies in this example have been coded
according to the Behavior Change Technique Taxonomy v1.
22
 The intervention was delivered
by one registered physical therapist with three years post-graduate experience who attended a 
two-day intermediate training course in MI. Both groups received unrestricted usual care 
Supplementary Appendix 1
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throughout the study period, which was expected to be limited. Parents recorded usual care in 
standardized diaries. 
COPM goal setting 
At baseline, participants identified and set 3-5 leisure-time physical activity 
participation goals. Modification of the COPM consisted of (i) identification of goals in only 
the leisure domain, (ii) the use of a collaborative scoring paradigm with parent-proxy rating 
where appropriate due to child age, communication, perceptual or intellectual functioning
25
,
and (iii) addition of the Belief in Goal Self-competence Scale (BiGSS).
26
 The BiGSS captures
self-efficacy through the level of confidence that a goal can be achieved.
26
 The Family of
Participation-related Constructs
11
 is a model that defines constructs associated with
participation. In order to ensure that the goals reflected either participation ‘attendance’ or 
‘involvement’, a second independent rater familiar with the Family of Participation-related 
Constructs reviewed all COPM goals (LS, CE).
15
 Goals not adhering to either construct were
excluded from analysis. The treating therapist completed the COPM interview. The therapist 
was not blind to group allocation at eight and 16 weeks, however, caregivers and children 
were blind to their previous rating/s. This was a pragmatic choice to reflect the conditions in 
which the COPM would normally be completed in clinical practice, and because assessor-
blind rating was not feasible. 
Accelerometer data reduction 
Devices were initialized according to manufacturer’s instructions with a 30Hz 
sampling rate. A valid wear day was at least 10 hours; episodes with at least 1 valid wear day 
were included in analyses (there were no significant differences following a sensitivity 
analysis removing participants with one or more episodes of ≤2 valid wear days). Data were 
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downloaded and visually inspected using ActiLife version 6.13.3 software (ActiGraph LLC, 
Pensacola, FL). A customized Microsoft Excel macro (Microsoft Corporation, Redmond, 
Washington) was used to identify non-wear periods (identified by intervals with at least 60 
minutes of consecutive zero counts with allowance for 1-2 mins of non-zero counts < 25 
counts per 15 seconds), wear time and physical activity intensity based on vertical axis counts 
in 15-second epochs with validated GMFCS-specific cut points.
18
Secondary Outcomes 
The Barriers to Participation in Physical Activities Questionnaire (BPPA-Q)
15
measures the presence and extent of parent-reported barriers to their child’s physical activity 
participation. The BPPA-Q, developed specifically for this study, was based on a validated 
and reliable instrument
28
 constructed on the Theoretical Domains Framework (TDF).
18
 The
TDF is a synthesis of theories of human behavior change which can be applied to examine 
the mechanisms and effect of behavior-changing interventions.
18
 On the BPPA-Q, parents
respond to 60 items on a 7-point likert scale corresponding to different behavioral barriers to 
participation (higher total score indicates fewer barriers, maximum score 420).
15
Parent-reported participation frequency and involvement in common activities within 
the community was measured with the community domain of the Participation and 
Environment Measure for Children and Youth (PEM-CY).
29
 Summary scores were calculated
for frequency (average, 0-never to 7-daily), involvement (average, 1-minimally involved to 5-
very involved), and perceived environmental supportiveness (percentage of total section 
score).  
The Cerebral Palsy Quality of Life Questionnaire for Children, Child Version (CP 
QOL-Child)
30
  is a 52-item child-report measure of condition-specific quality of life. Scores
are transformed to a scale with a possible range of 0-100, with higher scores in four of five 
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domains indicating better self-reported QOL (pain and impact of disability is reversed). The 
participation and physical health, and emotional wellbeing and self-esteem domains were 
determined a-priori to demonstrate change in response to the ParticiPAte CP.
15
Information about personal, demographic and environmental characteristics including 
GMFCS, CFCS and Manual Ability Classification System (MACS)
31
 was collected at
baseline from parents and verified by the treating clinician. Socio-economic Indexes for 
Areas (SEIFA) Index of Relative Socio-economic Advantage and Disadvantage (IRSAD)
32
was determined from residential postcode. The SEIFA IRSAD is composed of many 
variables indicating social and economic condition of people or households within an area.
32
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Supplementary Table I: Example of an intervention package with strategies matched to barriers for one COPM goal 
COPM
6
 
Goal 
Barrier Barrier Categories Strategy Strategy Categories 
TDF
2
 ICF
3
 Function
4
 BCTs
5
 
Play a game 
of Australian 
Rules 
Football at 
the local 
community 
club team 
once per 
week 
-Difficulty with kicking the ball
effectively (set up, sequence, ball
and foot position, hamstring
spasticity, timing)
-Difficulty with over-head
catching of the ball (jump height,
accuracy and strength of grasp)
-Difficulty with passing ball
consistently (set up, sequence,
ball and hand position, body
position, force control)
-Skills -A
-BSF
-Functional training (part practice,
whole practice, isolated,
contextualised)
-Explicit teaching of task knowledge
-Activity modification
-Balance home exercise program
-Scaffolded play with siblings
-Education
-Training
-Modelling
-Environmental
restructuring
-2.3 Feedback on behaviour
-2.7 Feedback on outcomes of the behaviour
-7.1 Prompts/cues
-6.1 Demonstration of the behaviour
-4.1 Instruction on how to perform a behaviour
-8.7 Graded tasks
-15.4 Self-talk
-4.1 Instruction on how to perform a behaviour
-12.1 Restructuring the physical environment
-10.4 Social reward
-Difficulty attending to instruction
from coach
-Difficulty using feedback to
change performance
-Memory
attention and
decision
processes
-Skills
-A
-BSF
-Visual and auditory cues
-Cognitive orientation approaches for
motor learning
-Teaching of self-monitoring
-Motivating practice
-Education
-Training
-Enablement
-Environmental
restructuring
-Incentivisation
-2.3 Self-monitoring of behaviour
-2.7 Feedback on outcomes of the behaviour
-7.1 Prompts/cues
-4.1 Instruction on how to perform a behaviour
-10.4 Social reward
-Parental belief that local club
will not be inclusive
-Parental belief that child lacks
some necessary skills
-Parental fear of negative
consequences (teasing etc.)
-Beliefs about
capabilities
-Beliefs about
consequences
-Social
influences
-Emotion
-PF
-EF
-Motivational interviewing
-Sharing of knowledge
-Discussion of positive actions and
possible solutions
-Agreement on goal and action
-Education
-Persuasion
-Modelling
-Incentivisation
-Enablement
-5.3 Information about social and environmental
consequences
-5.1 Information about health consequences
-1.6 Discrepancy between current behaviour and goal
-1.9 Commitment
-1.1 Goal setting (behaviour) and 1.3 (outcome)
-1.4 Action planning
-1.7 Review outcome goals
-15.1 Verbal persuasion about capability
-AFL club and coach has not
included a player with a physical
disability before
-Not yet participating in any
Australian Rules Football
-
Environmental 
context and 
resources 
-EF
-P
-Site visit and observation
-Provision of handout on CP and
discussion of possible impacts of CP
and appropriate adjustments with coach
-Modelling training
-Discuss adjustments
-Enablement
-Modelling
-Environmental
restructuring
-3.2 Social support (practical)
-1.2 Problem solving
-12.1 Restructuring the physical environment
-8.7 Graded tasks
-4.1 Instruction on how to perform a behaviour
-6.1 Demonstration of the behaviour
COPM, Canadian Occupational Performance Measure; TDF, Theoretical Domains Framework; ICF, International Classification of Functioning, Disability and Health; BCTs, Behaviour Change 
Techniques (numbering refers to position within the Behaviour Change Taxonomy); BSF, Body structures and functions; A, Activities; P, Participation; PF, personal factors; EF, environmental 
factors; CP, cerebral palsy 
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CONSORT 2010 checklist 
CONSORT 2010 checklist of information to include when reporting a randomised trial*
Section/Topic 
Item 
No Checklist item 
Reported 
on page No 
Title and abstract 
1a Identification as a randomised trial in the title 1 
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 1-2
Introduction 
Background and 
objectives 
2a Scientific background and explanation of rationale 3-4, published
protocol
2b Specific objectives or hypotheses 3-4, published
protocol
Methods 
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 5 
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons n/a 
Participants 4a Eligibility criteria for participants 5, Supp 
Appendix 1 
4b Settings and locations where the data were collected 5-6
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 
actually administered 
5-6, Supp
Appendix 1,
Supp Table I,
and published
protocol
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 
were assessed 
Published 
protocol, 6-7, 
Supp 
Appendix 1 
6b Any changes to trial outcomes after the trial commenced, with reasons n/a 
Sample size 7a How sample size was determined 7 
7b When applicable, explanation of any interim analyses and stopping guidelines n/a 
Randomisation: 
Sequence 8a Method used to generate the random allocation sequence 5 
CONSORT Checklist for Randomized Controlled Trials
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CONSORT 2010 checklist 
generation 8b Type of randomisation; details of any restriction (such as blocking and block size) 5 
Allocation 
concealment 
mechanism 
9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned 
5-6, published
protocol
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions 
5, published 
protocol 
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 
assessing outcomes) and how 
5, published 
protocol 
11b If relevant, description of the similarity of interventions Published 
protocol, table 
II 
Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes 7-8
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 7-8
Results 
Participant flow (a 
diagram is strongly 
recommended) 
13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 
were analysed for the primary outcome 
9 and figure I 
13b For each group, losses and exclusions after randomisation, together with reasons 9 and figure I 
Recruitment 14a Dates defining the periods of recruitment and follow-up 5, published 
protocol, trial 
registration 
14b Why the trial ended or was stopped n/a 
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group Table I 
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 
by original assigned groups 
Tables IV and 
V 
Outcomes and 
estimation 
17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 
precision (such as 95% confidence interval) 
Tables IV and 
V 
17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended n/a 
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 
pre-specified from exploratory 
10 
Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) 9 
Discussion 
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 14-15
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 14-15
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CONSORT 2010 checklist 
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 11-15
Other information 
Registration 23 Registration number and name of trial registry 5, title page 
Protocol 24 Where the full trial protocol can be accessed, if available References 
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders Acknowledge
ments 
*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 
Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org. 
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Search terms 
Database Patient Intervention Comparator Outcome 
PubMed (child*[Title/Abstract] OR 
adolescen*[Title/Abstract] 
OR youth[Title/Abstract] OR 
teen*[Title/Abstract] OR 
young[Title/Abstract] OR 
pediatric[Title/Abstract] OR 
paediatric[Title/Abstract]) 
AND (cerebral 
palsy[Title/Abstract] OR 
hemiplegia[Title/Abstract] 
OR 
monoplegia[Title/Abstract] 
OR triplegia[Title/Abstract] 
OR 
quadriplegia[Title/Abstract] 
OR diplegia[Title/Abstract] 
OR "physical 
disability"[Title/Abstract] 
OR "neurological 
disability"[Title/Abstract] 
OR "brain 
injury"[Title/Abstract] OR 
brain 
impairmen*[Title/Abstract]) 
AND ("physical 
therapy"[Title/Abstract] OR 
physiotherapy[Title/Abstract] 
OR "occupational 
therapy"[Title/Abstract] OR 
"horse riding"[Title/Abstract] 
OR "horse-
riding"[Title/Abstract] OR 
hippotherapy[Title/Abstract] 
OR program[Title/Abstract] 
OR programme[Title/Abstract] 
OR "self-
management"[Title/Abstract] 
OR psychology[Title/Abstract] 
OR 
rehabilitation[Title/Abstract] 
OR "public 
health"[Title/Abstract] OR 
"health 
promotion"[Title/Abstract] OR 
"health 
behaviour"[Title/Abstract] OR 
"health 
behavior"[Title/Abstract] OR 
"behaviour 
therapy"[Title/Abstract] OR 
"behavior 
therapy"[Title/Abstract] OR 
counseling[Title/Abstract] OR 
counselling[Title/Abstract] OR 
"exercise 
therapy"[Title/Abstract] OR 
"exercise 
physiology"[Title/Abstract] OR 
"allied health"[Title/Abstract] 
OR training[Title/Abstract] OR 
video game*[Title/Abstract] 
OR virtual[Title/Abstract] OR 
"activity 
stimulation"[Title/Abstract] OR 
coach*[Title/Abstract] OR 
"occupational 
performance"[Title/Abstract] 
OR "solution-
focused"[Title/Abstract] OR 
"solution 
focused"[Title/Abstract] OR 
"solution-
focussed"[Title/Abstract] OR 
"solution 
focussed"[Title/Abstract] OR 
"participation-
based"[Title/Abstract] OR 
"participation 
based"[Title/Abstract] OR 
"activity-based"[Title/Abstract] 
OR "activity 
based"[Title/Abstract] OR 
"lifestyle 
redesign"[Title/Abstract] OR 
motivational 
interview*[Title/Abstract] OR 
"autonomy 
support"[Title/Abstract] OR 
environment*[Title/Abstract] 
OR ecological[Title/Abstract] 
OR context*[Title/Abstract] 
OR "goal 
setting"[Title/Abstract] OR 
"goal-setting"[Title/Abstract]) 
AND 
(randomised[Title/Abstract] 
OR 
randomized[Title/Abstract] 
OR "pseudo-
randomized"[Title/Abstract] 
OR "pseudo-
randomised"[Title/Abstract] 
OR 
controlled[Title/Abstract] 
OR "control 
group"[Title/Abstract] OR 
sham[Title/Abstract] OR 
"usual care"[Title/Abstract] 
OR "standard 
care"[Title/Abstract] OR 
"clinical 
trial"[Title/Abstract] OR 
experiment*[Title/Abstract] 
OR case 
control*[Title/Abstract] OR 
case-
control*[Title/Abstract] OR 
"case series"[Title/Abstract] 
OR "pilot 
study"[Title/Abstract] OR 
"pilot trial"[Title/Abstract] 
OR "interrupted time 
series"[Title/Abstract] OR 
"crossover"[Title/Abstract] 
OR "cross-
over"[Title/Abstract]) 
AND 
(participat*[Title/Abstract] 
OR physical 
activit*[Title/Abstract] OR 
sedentary[Title/Abstract] OR 
habitual[Title/Abstract] OR 
inactivity[Title/Abstract] OR 
lifestyle[Title/Abstract] OR 
sport*[Title/Abstract] OR 
leisure[Title/Abstract] OR 
recreation*[Title/Abstract] 
OR soccer[Title/Abstract] OR 
football[Title/Abstract] OR 
running[Title/Abstract] OR 
walking[Title/Abstract] OR 
yoga[Title/Abstract] OR 
pilates[Title/Abstract] OR 
netball[Title/Abstract] OR 
hockey[Title/Abstract] OR 
swimming[Title/Abstract] OR 
weights[Title/Abstract] OR 
gym[Title/Abstract] OR 
dancing[Title/Abstract] OR 
climbing[Title/Abstract] OR 
exercis*[Title/Abstract] OR 
actigraph[Title/Abstract] OR 
accelerometer[Title/Abstract] 
OR 
accelerometry[Title/Abstract] 
OR pedometer[Title/Abstract] 
OR steps[Title/Abstract] OR 
"quality of 
life"[Title/Abstract] OR 
fitness[Title/Abstract] OR 
endurance[Title/Abstract] OR 
"personal 
autonomy"[Title/Abstract] 
OR autonomy[Title/Abstract] 
OR "self-
determination"[Title/Abstract
] OR "self 
determination"[Title/Abstract
] OR motivat*[Title/Abstract] 
OR "intrinsic 
motivation"[Title/Abstract] 
OR "mastery 
motivation"[Title/Abstract] 
OR "goal 
attainment"[Title/Abstract] 
OR goal[Title/Abstract] OR 
social[Title/Abstract] OR 
community[Title/Abstract] 
OR attitude*[Title/Abstract] 
OR "stage of 
change"[Title/Abstract] OR 
"change-
readiness"[Title/Abstract] OR 
"exercise 
intention"[Title/Abstract] OR 
"behavioural 
change"[Title/Abstract] OR 
"behavioral 
change"[Title/Abstract]) 
CINAHL ( child* OR adolescen* OR 
youth OR teen* OR young 
OR pediatric OR paediatric ) 
AND ( “physical therapy” OR 
physiotherapy OR 
“occupational therapy” OR 
AND ( randomised OR 
randomized OR “pseudo-
randomized” OR “pseudo-
AND ( participat* OR 
physical activit* OR 
sedentary OR habitual OR 
Appendix 4 - Systematic review search strategy
41 of 67
AND ( cerebral palsy OR 
hemiplegia OR monoplegia 
OR triplegia OR quadriplegia 
OR diplegia OR “physical 
disability” OR “neurological 
disability” OR “brain injury” 
OR brain impairmen* ) 
“horse riding” OR “horse-
riding” OR hippotherapy OR  
program OR programme OR 
“self-management” OR 
psychology OR rehabilitation 
OR “public health” OR “health 
promotion” OR “health 
behaviour” OR “health 
behavior” OR “behaviour 
therapy” OR “behavior 
therapy” OR counseling OR 
counselling OR “exercise 
therapy” OR “exercise 
physiology” OR “allied health” 
OR training OR video game* 
OR virtual OR “activity 
stimulation” OR coach* OR 
“occupational performance” 
OR “solution-focused” OR 
“solution focused” OR 
“solution-focussed” OR 
“solution focussed” OR 
“participation-based” OR 
“participation based” OR 
“activity-based” OR “activity 
based” OR “lifestyle redesign” 
OR motivational interview* 
OR “autonomy support” OR 
environment* OR ecological 
OR context* OR “goal setting” 
OR “goal-setting” ) 
randomised” OR controlled 
OR “control group” OR 
sham OR “usual care” OR 
“standard care” OR “clinical 
trial” OR experiment* OR 
case control* OR case-
control* OR “case series” 
OR “pilot study” OR “pilot 
trial” OR “interrupted time 
series” OR “crossover” OR 
“cross-over” ) 
inactivity OR lifestyle OR 
sport* OR leisure OR 
recreation* OR soccer OR 
football OR running OR 
walking OR yoga OR pilates 
OR netball OR hockey OR 
swimming OR weights OR 
gym OR dancing OR 
climbing OR exercis* OR 
actigraph OR accelerometer 
OR accelerometry OR 
pedometer OR steps OR 
“quality of life” OR fitness 
OR endurance OR “personal 
autonomy” OR autonomy OR 
“self-determination” OR “self 
determination” OR motivat* 
OR “intrinsic motivation” OR 
“mastery motivation” OR 
“goal attainment” OR goal 
OR social OR community OR 
attitude* OR “stage of 
change” OR “change-
readiness” OR “exercise 
intention” OR “behavioural 
change” OR “behavioral 
change” ) 
Embase child* OR adolescen* OR 
'youth'/exp OR youth OR 
teen* OR young OR 
pediatric OR paediatric AND 
(cerebral AND ('palsy'/exp 
OR palsy) OR 
'hemiplegia'/exp OR 
hemiplegia OR 
'monoplegia'/exp OR 
monoplegia OR triplegia OR 
'quadriplegia'/exp OR 
quadriplegia OR diplegia OR 
'physical disability'/exp OR 
'physical disability' OR 
'neurological disability' OR 
'brain injury'/exp OR 'brain 
injury' OR 'brain'/exp OR 
brain) AND impairment 
AND ('physical therapy'/exp 
OR 'physical therapy' OR 
'physiotherapy'/exp OR 
physiotherapy OR 
'occupational therapy'/exp OR 
'occupational therapy' OR 
'horse riding'/exp OR 'horse 
riding' OR 'horse-riding'/exp 
OR 'horse-riding' OR 
'hippotherapy'/exp OR 
hippotherapy OR program OR 
programme OR 'self-
management'/exp OR 'self-
management' OR 
'psychology'/exp OR 
psychology OR 
'rehabilitation'/exp OR 
rehabilitation OR 'public 
health'/exp OR 'public health' 
OR 'health promotion'/exp OR 
'health promotion' OR 'health 
behaviour'/exp OR 'health 
behaviour' OR 'health 
behavior'/exp OR 'health 
behavior' OR 'behaviour 
therapy'/exp OR 'behaviour 
therapy' OR 'behavior 
therapy'/exp OR 'behavior 
therapy' OR 'counseling'/exp 
OR counseling OR 
'counselling'/exp OR 
counselling OR 'exercise 
therapy'/exp OR 'exercise 
therapy' OR 'exercise 
physiology'/exp OR 'exercise 
physiology' OR 'allied health' 
OR 'training'/exp OR training 
OR 'video'/exp OR video AND 
('game'/exp OR game) OR 
virtual OR 'activity stimulation' 
OR coach* OR 'occupational 
performance' OR 'solution-
focused' OR 'solution focused' 
OR 'solution-focussed' OR 
AND (randomised OR 
randomized OR 'pseudo-
randomized' OR 'pseudo-
randomised' OR controlled 
OR 'control group'/exp OR 
'control group' OR sham OR 
'usual care' OR 'standard 
care' OR 'clinical trial'/exp 
OR 'clinical trial' OR 
experiment* OR case AND 
('control'/exp OR control) 
OR 'case control' OR 'case 
series'/exp OR 'case series' 
OR 'pilot study'/exp OR 
'pilot study' OR 'pilot trial' 
OR 'interrupted time series' 
OR 'crossover' OR 'cross-
over') 
AND (participat* OR 
physical AND activity OR 
sedentary OR habitual OR 
inactivity OR 'lifestyle'/exp 
OR lifestyle OR sport* OR 
'leisure'/exp OR leisure OR 
recreation* OR 'soccer'/exp 
OR soccer OR 'football'/exp 
OR football OR 'running'/exp 
OR running OR 'walking'/exp 
OR walking OR 'yoga'/exp 
OR yoga OR 'pilates'/exp OR 
pilates OR netball OR 
'hockey'/exp OR hockey OR 
'swimming'/exp OR 
swimming OR weights OR 
gym OR 'dancing'/exp OR 
dancing OR 'climbing'/exp 
OR climbing OR exercis* OR 
actigraph OR 
'accelerometer'/exp OR 
accelerometer OR 
'accelerometry'/exp OR 
accelerometry OR 
'pedometer'/exp OR 
pedometer OR steps OR 
'quality of life'/exp OR 
'quality of life' OR 
'fitness'/exp OR fitness OR 
'endurance'/exp OR 
endurance OR 'personal 
autonomy'/exp OR 'personal 
autonomy' OR autonomy OR 
'self-determination' OR 'self 
determination' OR motivat* 
OR 'intrinsic motivation' OR 
'mastery motivation' OR 'goal 
attainment'/exp OR 'goal 
attainment' OR goal OR 
social OR 'community'/exp 
OR community OR attitude* 
OR 'stage of change' OR 
'change-readiness' OR 
'exercise intention' OR 
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'solution focussed' OR 
'participation-based' OR 
'participation based' OR 
'activity-based' OR 'activity 
based' OR 'lifestyle redesign' 
OR motivational AND 
interviewing OR 'autonomy 
support' OR environment* OR 
ecological OR context* OR 
'goal setting' OR 'goal-setting') 
'behavioural change'/exp OR 
'behavioural change' OR 
'behavioral change'/exp OR 
'behavioral change') 
PsycINFO (Any Field:(cerebral palsy 
OR hemiplegia OR 
monoplegia OR triplegia OR 
quadriplegia OR diplegia OR 
"physical disability" OR 
"neurological disability" OR 
"brain injury" OR brain 
impairmen* )) AND (Any 
Field:(child* OR adolescen* 
OR youth OR teen* OR 
young OR pediatric OR 
paediatric))  
*PsycINFO did not deal well 
with multiple operators so this
field was omitted
*PsycINFO did not deal
well with multiple operators 
so this field was omitted
AND (Any Field:( participat* 
OR physical activit* OR 
sedentary OR habitual OR 
inactivity OR lifestyle OR 
sport* OR leisure OR 
recreation* OR soccer OR 
football OR running OR 
walking OR yoga OR pilates 
OR netball OR hockey OR 
swimming OR weights OR 
gym OR dancing OR 
climbing OR exercis* OR 
actigraph OR accelerometer 
OR accelerometry OR 
pedometer OR steps OR 
"quality of life" OR fitness 
OR endurance OR "personal 
autonomy" OR autonomy OR 
"selfdetermination" OR "self 
determination" OR motivat* 
OR "intrinsic motivation" OR 
"mastery motivation" OR 
"goal attainment" OR goal 
OR social OR community OR 
attitude* OR "stage of 
change" OR 
"changereadiness" OR 
"exercise intention" OR 
"behavioural change" OR 
"behavioral change"))  
Web of 
Science 
TS=(child* OR adolescen* 
OR youth OR teen* OR 
young OR pediatric OR 
paediatric) AND 
TS=(cerebral palsy OR 
hemiplegia OR monoplegia 
OR triplegia OR quadriplegia 
OR diplegia OR “physical 
disability” OR “neurological 
disability” OR “brain injury” 
OR brain impairmen*) 
AND TS=(“physical therapy” 
OR physiotherapy OR 
“occupational therapy” OR 
“horse riding” OR “horse-
riding” OR hippotherapy OR 
program OR programme OR 
“self-management” OR 
psychology OR rehabilitation 
OR “public health” OR “health 
promotion” OR “health 
behaviour” OR “health 
behavior” OR “behaviour 
therapy” OR “behavior 
therapy” OR counseling OR 
counselling OR “exercise 
therapy” OR “exercise 
physiology” OR “allied health” 
OR training OR video game* 
OR virtual OR “activity 
stimulation” OR coach* OR 
“occupational performance” 
OR “solution-focused” OR 
“solution focused” OR 
“solution-focussed” OR 
“solution focussed” OR 
“participation-based” OR 
“participation based” OR 
“activity-based” OR “activity 
based” OR “lifestyle redesign” 
OR motivational interview* 
OR “autonomy support” OR 
environment* OR ecological 
OR context* OR “goal setting” 
OR “goal-setting”) 
AND TS=(randomised OR 
randomized OR “pseudo-
randomized” OR “pseudo-
randomised” OR controlled 
OR “control group” OR 
sham OR “usual care” OR 
“standard care” OR “clinical 
trial” OR experiment* OR 
case control* OR case-
control* OR “case series” 
OR “pilot study” OR “pilot 
trial” OR “interrupted time 
series” OR “crossover” OR 
“cross-over”) 
AND TS=(participat* OR 
physical activit* OR 
sedentary OR habitual OR 
inactivity OR lifestyle OR 
sport* OR leisure OR 
recreation* OR soccer OR 
football OR running OR 
walking OR yoga OR pilates 
OR netball OR hockey OR 
swimming OR weights OR 
gym OR dancing OR 
climbing OR exercis* OR 
actigraph OR accelerometer 
OR accelerometry OR 
pedometer OR steps OR 
“quality of life” OR fitness 
OR endurance OR “personal 
autonomy” OR autonomy OR 
“self-determination” OR “self 
determination” OR motivat* 
OR “intrinsic motivation” OR 
“mastery motivation” OR 
“goal attainment” OR goal 
OR social OR community OR 
attitude* OR “stage of 
change” OR “change-
readiness” OR “exercise 
intention” OR “behavioural 
change” OR “behavioral 
change")  
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ID no:   Cohort: Date: 
COPM 
Goal/s 
Barrier Category Strategy Strategy 
Category 
GAS Goal (if applicable) 
ICF-CY TDF ICF-CY TDF 
COPM, Canadian Occupational Performance Measure; ICF-CY, International Classification of Functioning, Disability and Health – Child and Youth Version; TDF, Theoretical 
Domains Framework; GAS, Goal Attainment Scaling 
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This is a diary for you to record the care that your child receives from other health professionals in the study period. 
Please complete this diary to the best of your knowledge and memory. It is important for you to record any care, 
regardless of the type, duration, or intensity. Please complete this diary from the time you had your first assessment 
until the time you had completely finished participation in the study. 
Child ID: _____________________ 
Your first assessment was/will be (date):  
Your last assessment (study finish) was/will be (date): 
You should fill in from week 1 to 16/24 
Below, indicate the number of hours (in 0.5 increments, e.g. 30 mins) that your child had with each of the following 
health professionals for each week of the study. Leave boxes blank if no therapy of the given type was accessed 
during that week. 
YOUR DIARY 
NOTE: Therapy includes: 
 Privately funded therapy
 Publically funded therapy, including though Queensland Health and the Queensland Department of
Education and Training
 Therapy provided by a non-government organisation
If you do not know how many hours of therapy your child accessed, but you know they receive a therapy service, 
please estimate to the best of your ability how many hours you think they may have received. 
DID YOUR CHILD RECEIVE ONE OR MORE DURING THE STUDY OF (tick if yes) 
 Botulinum Toxin? Describe date/limb:_____________________________________________________________
 Casting/splinting? Describe date/limb:_____________________________________________________________
 Other medical interventions? Describe:____________________________________________________________
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Physiotherapy 0.5 1 1 
Occupational 
therapy 
2 2 2 
Speech/Language 
Therapy 
3 
Exercise 
Physiology/Therapy 
Psychology/ 
Counselling 
1 0.5 
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Dates: 
Physiotherapy 
Occupational 
therapy 
Speech/ 
Language 
Therapy 
Exercise 
Physiology/ 
Therapy 
Psychology/ 
Counselling 
Cohort 
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IF YOU WISH YOU MAY FILL IN THE CONTACT DETAILS FOR YOUR CHILD’S THERAPISTS 
We can contact your child’s usual therapists to ask what ‘style’ of therapy they used when treating your child. This 
can help us better explain the differences between the treatment and control groups, because we know exactly 
what treatments everyone was getting. 
THERAPIST CONTACT DETAILS: 
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Day (circle): Mon   Tues   Weds   Thurs   Fri   Sat   Sun What time did you put the monitor on? _________________ ID: 
What time did you go to sleep? ________________ What time did you take the monitor off? ________________ Date: 
What time did you go to sleep? ________________ Did you keep it on all day? Yes  / No 
Please tick what activity you were doing at each time.  Each box is 30 minutes.
MORNING MIDDAY 
 Time: 6:00 6:30 7:00 7:30 8:00 8:30 9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30 1:00 1:30 
Was the monitor on/off? On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off 
Sleeping                
Sitting                
Walking                
Running                
Playing sports or PE                
Riding a bike                
Swimming                
In a car or bus                
AFTERNOON NIGHT 
Time: 2:00 2:30 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30 7:00 7:30 8:00 8:30 9:00 9:30 
Was the monitor on/off? On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off On/Off 
Sleeping                
Sitting                
Walking                
Running                
Playing sports or PE                
Riding a bike                
Swimming                
In a car or bus                
NOTES:______________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________ 
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1 2 3 4 5 6 7 
Strongly  Disagree  Somewhat   Neutral  Somewhat  Agree  Strongly 
Disagree  Disagree  Agree  Agree 
Domains / Constructs Item Scoring Domain 
Scores 
Knowledge 
Knowledge of condition 
I know how much physical activity my child needs to do each day to be healthy Regular Score/35 
Children 8-12 years old need 60 minutes of physical activity per day for health Regular 
I think it is safe for my child with cerebral palsy to participate in sports or physical activities Regular 
Knowledge 
Knowledge of task environment 
I know enough about the facilities available in my local neighbourhood to be able to access sports or 
other physical activities there  
Regular 
I know enough about the facilities available in my broader community to be able to access sports or 
other physical activities there 
Regular 
Skills 
Skills 
My child has enough physical/movement skills to participate in the sports or physical activities that 
he/she wants to do, with the supports currently available to us  
Regular Score/28 
Skills 
Interpersonal skills 
My child has the right cognitive/thinking or communication (talking/social) skills to participate in the 
sports or physical activities that he/she wants to do with the supports currently available to us  
Regular 
Skills 
Ability/challenge 
The physical activities that my child wants to do are not too hard for him/her but not too easy either 
('just right challenge') 
Regular 
Skills 
Skills development 
My child has had enough practice or opportunity to develop skills for the sports or physical activities that 
he/she wants to do  
Regular 
Social Role and Identity 
Social role/Group identity 
Participating in sports or physical activity is part of my child’s role as a child, friend, classmate, or 
teammate 
Regular Score/7 
Beliefs About Capabilities 
Self-efficacy 
I am confident that my child can do enough physical activity to be healthy Regular Score/56 
I am confident that my child can join in with others to participate in a sport or do physical activity Regular 
I am confident that my child can participate in the sport or physical activity that he/she wants to do, even 
when he/she is tired or in pain  
Regular 
I am confident that my child can participate in the sport or physical activity that he/she wants to do, even 
when there seems to be a lot of barriers in the way  
Regular 
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Beliefs About Capabilities 
Perceived behavioural control 
I have control over the amount of physical activity that my child does Regular 
Others (including my child) have control over the amount of physical activity that my child does Regular 
For me, getting my child to do enough physical activity to be healthy is easy Regular 
Beliefs About Capabilities 
Self-esteem 
My child has high levels of self-esteem (good feelings about themselves) when they are trying to 
participate in a sport or physical activity  
Regular 
Optimism 
Optimism 
When my child is participating in a physical activity or sport, I usually expect the best Regular Score/21 
With regards to participating in sports or physical activity, I am optimistic about my child’s future Regular 
Optimism 
Pessimism 
When my child participates in sports or physical activities, nothing good ever seems to come of it 
Reversed 
Beliefs About Consequences 
Beliefs 
For my child, participating in  physical activity or sport is beneficial to their health and wellbeing Regular Score/28 
For my child, participating in  physical activity or sport is pleasurable for them Regular 
Beliefs About Consequences 
Outcome expectancies 
If my child participates in sports and physical activities, they will feel better about themselves 
Regular 
Beliefs About Consequences 
Anticipated regret 
If my child participates in sports and physical activities, afterward they will wish they hadn’t done it at all 
Reversed 
Reinforcement 
Rewards 
When my child participates in sports or physical activities, I reward my child with praise, pocket money, 
time with technology, or food  
Reversed Score/28 
When my child participates in sports or physical activities, the reward is how good it makes them feel 
physically or the good feelings from being with others  
Regular 
When my child participates in sports or physical activities, the reward is the challenge of the activity itself Regular 
Reinforcement 
Consequents 
If something bad happened after sports or physical activities (e.g. injury, hurt feelings, pain), It would 
discourage my child from participating again  
Reversed 
Intentions 
Stages of change 
My child is already regularly participating in physical activities or sports of their choice 
Regular Score/1 
Goals 
Priority 
I prioritise other things over participating in sports or physical activity for my child 
Reversed Score/21 
Goals 
Goal-setting 
We set goals together for my child’s participation in sports or physical activities 
Regular 
Goals 
Action planning 
When my child sets goals for participation in an activity, they can plan the steps or actions to achieve the 
goal (with or without help) 
Regular 
Memory, Attention and 
Decision Processes 
Memory 
My child is good at remembering how much physical activity they have done, or whether they have 
participated in any sports when I ask them  
Regular Score/14 
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Memory, Attention and 
Decision Processes 
Cognitive overload/tiredness 
Participating in sports or being physically active makes my child so tired that it is not worth doing Reversed 
Environmental Context and 
Resources 
Resources 
My family has enough money to support my child’s participation in sports or physical activity Regular Score/70 
My family has enough time to support my child’s participation in sports or physical activity Regular 
My family has access to the right transport (e.g. wheelchair accessible van/ maxi taxi/ accessible bus) to 
get to sports or physical activities  
Regular 
My child has access to the right aids, equipment or personal care to support participation in their chosen 
sport or physical activity  
Regular 
There are sports and physical activity programs in my community that would be willing or are able to 
accommodate my child  
Regular 
Environmental Context and 
Resources 
Person x environment 
interaction 
My child's abilities do not match the supports or programs that are available 
Reversed 
Environmental Context and 
Resources 
Culture/climate 
I feel that the community supports my child’s participation in physical activities and sports, regardless of 
their disability  
Regular 
Community members, coaches, or volunteers have, in the past, indicated that they don't value my child's 
participation in sports or physical activities  
Reversed 
Environmental Context and 
Resources 
Environmental stressors 
Aspects of the environment, like sunlight or noise, make it hard for my child to participate in sports or 
physical activities  
Reversed 
Aspects of the environment, like physical access (ramps, distances travelled, playing surface) make it hard 
for my child to participate in sports or physical activities  
Reversed 
Social Influences 
Social pressure 
My child feels pressure from their friends, siblings, or classmates to participate in sports and physical 
activities  
Regular Score/49 
Social Influences 
Social norms 
Most people who are important to my child are participating in sports or physical activities 
Regular 
Social Influences 
Group conformity 
My child tends to hang out with friends who prefer to sit down and play games or talk, rather than 
participate in sports or physical activities 
Reversed 
Social Influences 
Social support 
My child can count on support from friends or classmates who participate in sports and physical activities 
when it is hard for my child to participate  
Regular 
Friends, siblings and classmates are helpful to my child with participating in sports and physical activities Regular 
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Social Influences 
Alienation/group identity 
My child is left out of things because it is so much harder for them to participate in sports and physical 
activities  
Reversed 
Social Influences 
Modelling 
My child has friends, siblings, or classmates that they look toward as role models for participating in sports 
and physical activities  
Regular 
Emotion 
Fear/anxiety (child) 
When my child participates or thinks of participating in sports or physical activities, they feel fearful or 
anxious  
Reversed Score/42 
Emotion 
Fear/anxiety (parent) 
When my child participates or thinks of participating in sports or physical activities, I feel fearful or 
anxious 
Reversed 
Emotion 
Negative affect (child) 
When my child participates or thinks of participating in sports or physical activities, they feel upset or sad Reversed 
Emotion 
Negative affect (parent) 
When my child participates or thinks of participating in sports or physical activities, I feel upset or sad Reversed 
Emotion 
Positive affect (child) 
When my child participates or thinks of participating in sports or physical activities, they feel happy or 
cheerful  
Regular 
Emotion 
Positive affect (parent) 
When my child participates or thinks of participating in sports or physical activities, I feel happy or 
cheerful  
Regular 
Behavioural Regulation 
Self-monitoring 
Participating in sports or being physically active (for example, playing/ walking/ running/ wheeling) is 
something that my child does automatically; they don’t have to think about it  
Regular Score/14 
I keep track of how much sports or physical activity my child is doing  Regular 
Totals 
Added: Min 60 – Max 420 
Average: Min 14 – Max 98 
In both cases, a lower score indicates more parent rated barriers across domains of behaviour change theory. 
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Table SI: Additional observed data and analyses by group and time point for remaining PEM-CY and CP-QOL domains
Variable 
Baseline, mean 
(SD) n 
8 weeks, mean (SD) 
n 
16 weeks, mean 
(SD) n 
8 week between 
groups difference 
EMD (95% CI)  
p value 
16 week between 
groups difference 
EMD (95% CI)  
p value 
8 week within group 
difference EMD (95% 
CI) 
16 week within group 
difference EMD (95% 
CI) 
PEM-CY Home Frequency 
  ParticiPAte CP 
  Waitlist 
5.93 (0.55) n=16 
6.11 (0.60) n=16 
5.52 (0.74) n=12 
6.35 (0.31) n=12 
5.99 (0.48) n=14 
6.24 (0.34) n=14 
-0.50 (-0.96 to -0.03)
p=0.035
-0.09 (-0.52 to 0.34)
p=0.682
-0.36 (-0.68 to -0.04)
0.13 (-0.20 to 0.47)
0.01 (-0.29 to 0.30) 
0.10 (-0.21 to 0.41) 
PEM-CY Home 
Involvement 
  ParticiPAte CP 
  Waitlist 
3.83 (0.63) n=16 
3.65 (0.72) n=16 
3.60 (0.47) n=12 
3.80 (0.62) n=12 
3.85 (0.38) n=14 
3.89 (0.60) n=14 
-0.30 (-0.74 to 0.14)
p=0.185
-0.14 (-0.55 to 0.28)
p=0.519
-0.20 (-0.51 to 0.10)
0.09 (-0.22 to 0.41)
0.07 (-0.21 to 0.35) 
0.21 (-0.09 to 0.50) 
PEM-CY Home 
Environmental Support 
  ParticiPAte CP 
  Waitlist 
80.21 (11.42) n=16 
82.50 (9.50) n=16 
80.77 (9.24) n=13 
85.73 (10.32) n=12 
88.89 (11.63) n=14 
83.68 (12.28) n=14 
1.63 (-5.79 to 9.04) 
p=0.667 
7.13 (0.14 to 14.12) 
p=0.045 
4.15 (-0.90 to 9.20) 
2.53 (-2.90 to 7.95) 
8.39 (3.58 to 13.20)* 
1.26 (-3.81 to 6.32) 
PEM-CY School Frequency 
  ParticiPAte CP 
  Waitlist 
4.89 (0.58) n=16 
4.89 (0.72) n=16 
4.66 (0.41) n=13 
5.30 (0.70) n=12 
4.89 (0.84) n=14 
4.86 (0.97) n=14 
-0.46 (-1.08 to 0.16)
p=0.144
0.05 (-0.53 to 0.64) 
p=0.855 
-0.13 (-0.55 to 0.29)
0.33 (-0.12 to 0.79)
-0.05 (-0.45 to 0.36)
-0.10 (-0.53 to 0.33)
PEM-CY School 
Involvement 
  ParticiPAte CP 
  Waitlist 
3.52 (0.60) n=16 
3.58 (1.14) n=16 
3.54 (1.06) n=12 
3.88 (1.09) n=11 
3.80 (0.69) n=14 
3.81 (1.18) n=14 
0.00 (-0.66 to 0.65) 
p=0.990 
0.01 (-0.59 to 0.61) 
p=0.979 
0.12 (-0.32 to 0.57) 
0.13 (-0.36 to 0.61) 
0.27 (-0.14 to 0.69) 
0.27 (-0.17 to 0.70) 
PEM-CY School 
Environmental Support 
  ParticiPAte CP 
  Waitlist 
80.02 (12.89) n=16 
82.47 (9.99) n=16 
78.88 (6.31) n=13 
83.60 (11.38) n=12 
84.78 (10.29) n=14 
82.65 (12.02) n=14 
3.76 (-1.76 to 9.28) 
p=0.182 
5.01 (-0.17 to 10.19) 
p=0.058 
2.81 (-0.95 to 6.58) 
0.95 (-4.98 to 3.09) 
4.36 (0.80 to 7.92)* 
-0.64 (-4.40 to 3.12)
CP QOL-Child Social 
Wellbeing and Acceptance 
  ParticiPAte CP 
  Waitlist 
83.99 (11.81) n=15 
79.19 (13.25) n=11 
84.52 (10.59) n=11 
77.48 (17.71) n=10 
81.47 (14.40) n=15 
76.80 (17.32) n=10 
2.45 (-7.41 to 12.30) 
p=0.626 
0.23 (-9.12 to 9.57) 
p=0.962 
0.80 (-5.85 to 7.44) 
-1.65 (-8.92 to 5.62)
-0.52 (-6.39 to 5.35)
-0.74 (-8.02 to 6.53)
CP QOL-Child Feelings 
about Functioning 
  ParticiPAte CP 
  Waitlist 
78.45 (15.76) n=15 
76.37 (12.19) n=11 
80.11 (9.29) n=11 
75.99 (16.49) n=10 
82.28 (13.18) n=15 
77.19 (19.64) n=10 
-0.38 (-10.50 to 9.74)
p=0.942
4.60 (-5.00 to 14.20) 
p=0.348 
0.50 (-6.33 to 7.33) 
0.88 (-6.59 to 8.35) 
5.45 (-0.58 to 11.48) 
0.85 (-6.62 to 8.33) 
CP QOL-Child Pain and 
Impact of Disability 
  ParticiPAte CP 
  Waitlist 
27.38 (21.08) n=15 
38.70 (22.02) n=11 
41.98 (21.73) n=11 
39.17 (22.43) n=10 
32.72 (21.72) n=15 
38.77 (27.82) n=10 
10.58 (-4.71 to 25.87) 
p=0.175 
4.19 (-10.32 to 18.69) 
p=0.571 
10.16 (-0.16 to 20.47) 
-0.42 (-11.70 to 10.86)
2.83 (-6.29 to 10.32) 
-1.36 (-12.65 to 9.93)
*within group difference from baseline significant at p<0.05; SD, standard deviation; EMD, estimated mean difference; CI, confidence interval; PEM-CY, Participation and Environment Measure –
Child and Youth; CP QOL-Child, Cerebral Palsy Quality of Life Questionnaire – Child version self-report
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The TIDieR (Template for Intervention Description and 
Replication) Checklist*: 
     Information to include when describing an intervention and the 
location of the information 
Item 
number 
Item Where located 
Page number, location or appendix 
BRIEF NAME 
1. Provide the name or a
phrase that describes the
intervention.
Chapter 2, page 59: 
ParticiPAte CP is an individualised, goal-directed, family-
centred, ecological, participation-based and motivational 
physiotherapy intervention 
WHY 
2. Describe any rationale,
theory, or goal of the
elements essential to the
intervention.
Chapter 2, page 66-67: 
ParticiPAte CP will be: 
 Family-centred: Both the child and their primary
caregiver will be equal and active participants in the
intervention with the caregivers recognized as the
people who know their child best. Siblings and other
family members will be involved as appropriate65.
 Ecological: The intervention will be conducted primarily
in the participant’s home and community setting, with
respect to the lifestyle, cultural practices, and priorities
of the family66.
 Goal-directed: Clinical reasoning and treatment choices
will be driven by participation goals, and all strategy
planning and outcome measurement will be linked to
these goals20.
 Collaborative: COPM participation goals will be set, and
strategies for goal attainment will be planned, together
between the therapist and family. Responsibilities for
actions will be shared. The therapist will take a guiding
role44, providing a framework whilst facilitating family
ownership and problem solving20.
 Context-focused: The participation goal itself will be
recognized as occurring within a context (setting that
includes people, place, activity, objects, and time)67.
 Individualized: Within the boundaries of the main
elements (Table IIIa), the selection of evidence-based
treatment modalities and the proportion at which these
are used will be shaped directly by the unique goals,
barriers, and facilitators identified by each individual
participant.
 Multi-modal: Intervention elements will be chosen to
target modifiable barriers, potentially across all ICF-CY
and TDF domains. Barriers identified in the impairment
and activity limitation domains of the ICF-CY will only
be addressed insofar as they are relevant to
individualized participation goals.
 Behaviour-oriented: Participation in leisure-time PA will
be recognized as a health behaviour. The family’s
readiness for PA behaviour change and behavioural
barriers across multiple domains of the TDF will be
used to guide the intervention pathway.
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 Self-determined: The overarching intervention
framework will recognize the importance of child and
family self-determination for leisure participation68,69.
The intervention is influenced by models of participation-
focused therapy including Solution-Focused Coaching70 and 
participation-based therapy20. The dosage for ParticiPAte CP 
has been chosen to strike a balance between efficacy of 
intervention components and feasibility. An average of four 
sessions of MI have been demonstrated to have effects on 
health-related behaviours in a paediatric population43. 
Chapter 4, page 91-92: 
A contemporary model of therapy aimed at enabling 
participation in children with physical disabilities was one of the 
first to acknowledge multi-factorial barriers to participation9. 
Participation-based therapy described the role of the therapist 
as a consultant who builds the capacity of the child, family and 
community to discover solutions (to barriers)9. Participation-
based therapy is goal-oriented, family-centred, collaborative, 
strengths-based, ecological and self-determined9. One recent 
systematic review explored the efficacy and content of therapy 
interventions aimed at improving participation in leisure-time 
PA in children with CP10. There was level I evidence that 
interventions targeting impairments and activity limitations that 
did not address environmental or motivational barriers to 
participation were ineffective in the enablement of 
participation10. There were no high quality, randomized 
controlled trials of interventions that were aligned with the 
principles of participation-based therapy (participation-focused 
interventions), though goal-directed interventions including a 
behavioural component had emerging evidence of efficacy10. 
WHAT 
3. Materials: Describe any
physical or informational
materials used in the
intervention, including those
provided to participants or
used in intervention delivery
or in training of intervention
providers. Provide information
on where the materials can
be accessed (e.g. online
appendix, URL).
Therapist training: The materials provided to the 
physiotherapist at the MI training are copyrighted however the 
details of the therapist’s experience and training are provided 
(see checklist item 5, who provided) 
Participant materials: Participants were provided with some 
informational materials including URLs for sites of activity 
providers but these were provided on an ad-hoc individualized 
basis (see checklist item 9, tailoring) 
4. Procedures: Describe each of
the procedures, activities,
and/or processes used in the
intervention, including any
enabling or support activities.
Chapter 3 page 66: 
The ParticiPAte CP intervention consists of eight sessions of 
60 minutes duration each, spread over eight weeks (generally 
one session per week). The first and last sessions will be 
focussed on COPM goal-setting and goal-scoring respectively. 
Make-up sessions will be scheduled within one week if 
participants and/or the physiotherapist need to cancel a 
scheduled session. The location of the middle six sessions is 
expected to be at the child’s home, with community (e.g. park, 
swimming pool, basketball court) and/or school visits 
dependent on the specific participation goals identified by the 
child and their parent/caregiver. The child with CP and their 
primary caregiver are the primary targets of the intervention, 
however other family members may be involved to varying 
extents (e.g. by being present at sessions, completing 
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activities, and/or participating in discussions), depending on 
both the goals and the broader family/community context. 
Chapter 4 page 93-94: 
ParticiPAte CP consisted of eight face-to-face, individual 
physiotherapy sessions of 60 minutes duration over eight 
weeks. The first and last sessions were focused on goal setting 
and scoring respectively and were conducted at the research 
centre (clinic setting). The middle six sessions were aimed at 
enabling the child’s ongoing participation in leisure-time PA 
using a toolbox of evidence-based therapy strategies, and 
were conducted in the child’s home, community or school 
environment. A clinical reasoning framework was used to 
match each therapy strategy to modifiable barriers to 
participation within all domains of functioning and health (body 
structures, activities, participation, personal and environmental 
factors)6, and human behaviour change14 specific to each child 
and family. Techniques consistent with Motivational 
Interviewing15 (MI) were used to orient communications 
towards changing PA behaviour. The intervention is 
underpinned by Self-Determination Theory (SDT), which posits 
that basic psychological needs of autonomy, competence and 
relatedness must be fulfilled for people to be intrinsically 
motivated to pursue goals, such as those related to 
participating in PA16. Table IVa contains an example of one 
intervention in accordance with the Template for Intervention 
Description and Replication17 (TIDieR). Treatment strategies in 
this example have been coded according to the Behaviour 
Change Technique Taxonomy (BCT v1.0)18. The intervention 
was delivered by one registered physiotherapist with three 
years post-graduate experience who attended a two-day 
intermediate training course in MI. The intervention group 
received unrestricted usual care throughout the study period, 
which was expected to be limited face-to-face therapy to none. 
Parents recorded usual care in standardized diaries. Full 
details of the intervention are available in the protocol11. 
Treatment and follow-up was ongoing until August 2017. 
Also see 
 Table IVa Chapter 4 page 105-106
 Appendix 3, 41 of Appendices
WHO PROVIDED 
5. For each category of
intervention provider (e.g.
psychologist, nursing
assistant), describe their
expertise, background and
any specific training given.
Chapter 3, page 69: 
The physiotherapist delivering the intervention will have an 
undergraduate degree in physiotherapy accredited by the 
Australian Health Practitioner Regulation Agency and will be a 
registered practitioner under that scheme. The physiotherapist 
will have at least two years of post-graduate work experience 
in participation-focused paediatric physiotherapy within a 
community setting. The physiotherapist will have formal 
training in MI consisting of two days of post-graduate 
intermediate level theoretical and practical training. The 
physiotherapist will be aware of funding programs and 
supports available for children and families in South-East 
Queensland that help to enable participation in active 
community recreation, sports and leisure. 
HOW 
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6. Describe the modes of
delivery (e.g. face-to-face or
by some other mechanism,
such as internet or telephone)
of the intervention and
whether it was provided
individually or in a group.
Repeated from checklist item 4, procedures: 
…ParticiPAte CP consisted of eight face-to-face, individual 
physiotherapy sessions of 60 minutes duration over eight 
weeks… The child with CP and their primary caregiver are the 
primary targets of the intervention, however other family 
members may be involved to varying extents (e.g. by being 
present at sessions, completing activities, and/or participating 
in discussions), depending on both the goals and the broader 
family/community context… 
WHERE 
7. Describe the type(s) of
location(s) where the
intervention occurred,
including any necessary
infrastructure or relevant
features.
Repeated from checklist item 4, procedures: 
…The first and last sessions will be focussed on COPM goal-
setting and goal-scoring respectively. Make-up sessions will be 
scheduled within one week if participants and/or the 
physiotherapist need to cancel a scheduled session. The 
location of the middle six sessions is expected to be at the 
child’s home, with community (e.g. park, swimming pool, 
basketball court) and/or school visits dependent on the specific 
participation goals identified by the child and their 
parent/caregiver… 
…The first and last sessions were focused on goal setting and 
scoring respectively and were conducted at the research 
centre (clinic setting). The middle six sessions were aimed at 
enabling the child’s ongoing participation in leisure-time PA 
using a toolbox of evidence-based therapy strategies, and 
were conducted in the child’s home, community or school 
environment… 
WHEN and HOW MUCH 
8. Describe the number of times
the intervention was delivered
and over what period of time
including the number of
sessions, their schedule, and
their duration, intensity or
dose.
Repeated from checklist item 4, procedures: 
…ParticiPAte CP consisted of eight face-to-face, individual 
physiotherapy sessions of 60 minutes duration over eight 
weeks… 
TAILORING 
9. If the intervention was
planned to be personalised,
titrated or adapted, then
describe what, why, when,
and how.
Chapter 3, page 67-68: 
The ParticiPAte CP intervention will be highly tailored to each 
individual family. Without a standardized intervention (e.g. 
strength training with definable characteristics such as 
repetitions and exercise technique), ParticiPAte CP represents 
a departure from existing interventions tested in randomized 
controlled trials31. ParticiPAte CP is instead a model of 
pragmatic participation-focused therapy utilising a toolbox of 
evidence-based strategies in the individualized treatment of 
children with CP. At the minimum, all participants will receive 
some combination of: 
 Goal-setting and goal-scoring of participation-focused
goals;
 Strategy formation and planning;
 Communications guided by principles of Self
Determination Theory using strategies of MI;
 Child-focused strategies (e.g. practice of activities/skills
using a goal directed motor learning approach);
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 Context/environment-focused strategies (e.g. referral to
funding sources for equipment, coaching of community
members, site visits).
A key feature of ParticiPAte CP is the use of clinical decision 
making based on key factors which likely differ significantly 
between participating parent-child dyads. These key factors 
include the (i) choice of participation goals, (ii) barriers and 
facilitators to leisure-time PA participation, (iii) child-family-
environment-activity-participation interactions, and (iv) stage of 
parent-child dyad PA behaviour change. Examples of potential 
tailoring include: 
 Motivational interviewing strategies used earlier and to
a greater extent with dyads who have not yet started
thinking about participating in more PA;
 Equipment prescription or loan utilised where access to
appropriate equipment is an identified barrier to
participation (e.g. the child requires access to a tricycle
to participate in recreational cycling);
 Cognitive-orientation approaches to motor learning and
skill performance used with child participants with high
motivation to attain a specific skill and adequate
problem solving and intellectual capacity, and where
the lack of skill is a barrier to internally motivated, self-
determined participation;
 Solution-focused problem solving used more frequently
where behavioural strategies such as action planning,
scheduling and monitoring may be appropriate
solutions for beginning and maintaining participation
(e.g. a parent would like to identify solutions to a
perceived lack of time to facilitate running at the park
once per week).
For the clinical reasoning framework applied individually to 
participants, see Table IVa, Chapter 4 page 105-106 
MODIFICATIONS 
10.ǂ If the intervention was 
modified during the course of 
the study, describe the 
changes (what, why, when, 
and how). 
The intervention was not modified from how it was planned 
HOW WELL 
11. Planned: If intervention
adherence or fidelity was
assessed, describe how and
by whom, and if any
strategies were used to
maintain or improve fidelity,
describe them.
Chapter 3 page 69-70: 
…It will not be possible to assess fidelity of individual 
intervention components (e.g. cognitive orientation approaches 
to motor learning) due to varied application across the cohort. 
Instead, video recordings and treatment documentation will be 
reviewed by a panel of therapists with significant experience in 
creating, assessing and/or delivering models of participation-
focused therapy and behaviour changing interventions. The 
Behaviour Change Taxonomy (BCT v1.0)49 coding framework 
will be used to categorise behaviour change elements and link 
to potential mechanisms of action (using the TDF domains) by 
at least two independent reviewers on a random sample of 
video recordings. This will enable specification of mediators of 
behaviour change as a result of ParticiPAte CP… 
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12.ǂ Actual: If intervention 
adherence or fidelity was 
assessed, describe the extent 
to which the intervention was 
delivered as planned. 
Chapter  page 97: 
…On average, participants allocated to ParticiPAte CP 
completed 5.83 (SD 0.38) of six home visits. There were 306 
hours of face-to-face contact, 256 hours of travel, and 
approximately 136 hours (estimate of 4 hours per participant 
who received the therapy) of indirect therapy time in total. This 
indirect time consisted of email and telephone contact with 
community organisations (such as sports clubs), completion of 
equipment prescription and funding paperwork, development of 
home exercise programs, and research by the therapist into 
suitable recreation opportunities to match participant goals. 
The therapist was also paid a kilometric allowance for 19,756 
km of travel. There were no serious adverse events. Two 
children fell over whilst riding bicycles and one participant fell 
over whilst practicing rugby drills but there were no injuries and 
children immediately resumed therapy. One child reported 
minor ankle discomfort during running training but this did not 
require medical attention… 
Table IVa, Chapter 4 page 105-106 is designed to be 
compared to Table IIIa, Chapter 3 page 81-82. Video and 
content analysis to be completed by independent expert panel. 
** Authors - use N/A if an item is not applicable for the intervention being described. Reviewers – use ‘?’ if 
information about the element is not reported/not   sufficiently reported.    
† If the information is not provided in the primary paper, give details of where this information is available. This may 
include locations such as a published protocol      or other published papers (provide citation details) or a website 
(provide the URL). 
ǂ If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be 
described until the study is complete. 
* We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:g1687) which contains
an explanation and elaboration for each item.
* The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a
study. Other elements and methodological features of studies are covered by other reporting statements and checklists and
have not been duplicated as part of the TIDieR checklist. When a randomised trial is being reported, the TIDieR checklist
should be used in conjunction with the CONSORT statement (see www.consort-statement.org) as an extension of Item 5 of
the CONSORT 2010 Statement. When a clinical trial protocol is being reported, the TIDieR checklist should be used in
conjunction with the SPIRIT statement as an extension of Item 11 of the SPIRIT 2013 Statement (see www.spirit-
statement.org). For alternate study designs, TIDieR can be used in conjunction with the appropriate checklist for that study
design (see www.equator-network.org).
